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Disclaimer

This package describes the Thermal Modeling and Analysis
process used at the NASA Goddard Space Flight Center

Much of the Thermal Modeling portion focuses on the capabilities
of two commercial tools for performing Thermal Analysis

— Thermal Desktop® for radiative modeling
— SINDA/FLUINT® for thermal modeling

This should not be considered as an endorsement of any
particular tool by NASA or the United States Government

The illustrations of capabilities are meant to be informational and
other tools may have similar or superior capabilities
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Thermal Analysis Agenda

* What is Thermal Analysis and Why do we do it?
* Overview of Available Tools
* Thermal Desktop
* Introduction
* Graphical User Interface
* Model Building Process
* Building a Thermal Desktop Model
* Modeling Specific Component Types
* Radiation Computations
* SINDA/FLUINT
* Basic
* Intermediate
* Advanced
* Thermal Computations
* OpenTD API
* Best Modeling Practices and Miscellaneous Tips
* Analyzing the Model Predictions
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What is Thermal Analysis and Why do we do it?

Thermal Analysis is using computer simulations to predict the thermal performance of a
system subjected to various applied constraints and boundary conditions

Spacecraft thermal analysis is typically a two part process:

* Part 1: using the geometrical design (shapes, locations, orientations, orbits, coatings) compute the
energy exchange factors between nodes (representing the temperature of the surface) and the
absorbed energy from orbital sources (Sun, Planet, Moon, direct and reflected [albedo])

* Part 2: combining the values computed in part 1 with conduction couplings, additional heat sources,
boundary conditions, and control logic, compute the expected temperatures and control heater power

Why do we do thermal analysis?

* Cost efficient means of exploring design space without the need to build and test every potential design

» Allows various design configurations to be modeled and evaluated

» Allows various questions to be asked of the design: Are all temperature predicts maintained within
limits? How much heater power is needed by the system? How long will it take to cool down? How
stable are the temperatures? etc.

What are the downsides to thermal analysis?

* Predictions are just that. It is up to the thermal engineer to evaluate and understand the predictions

* Trust but verify!

* Trust your own judgement. What did you expect from the predicts? Did it match those expectations?
If not, do you understand why? Are the physics still true (e.g. is energy conserved)?

* Models are grounded to actual performance through testing and correlation

Thermal Modeling and Analysis at GSFC - 2022




Thermal Models

* Thermal models are a two part process: Geometric Math Model (GMM) and
Thermal Math Model (TMM)

 The GMM includes all radiating surface locations in their correct spatial position

« GMM is used to produce Interchange Factors between surfaces (expressed as
Radiation Couplings between nodes in TMM) and Solar/Albedo/Planetshine
Environmental Backloading (expressed as sources on nodes in TMIM)

* The TMM includes all nodal definitions and their interdependence

 The TMM also contains instructions for what is to be solved (steady state,
transient), simulation duration, solution accuracy control, result output frequency,
etc.

* GMM generates Environmental Loading and Radiative Interchange Factors as
inputs to TMM; TMM calculates temperatures and heater powers

Thermal Modeling and Analysis at GSFC - 2022




Geometric Math Models (GMM)

* The GMM includes all radiating surface locations in their correct spatial position
* Surfaces are typically primitive shapes: rectangles, triangles, cones, cylinders, spheres, etc
e Can use Finite Elements, but if not careful, can lead to oversized models...
* TMM Nodal assignments, Radiation Active Sides and Thermo-optical Properties (o) must also defined
* Surface may also be subdivided into smaller nodes
* GMM is used to produce Interchange Factors between surfaces (expressed as Radiation Couplings
between nodes in TMM) and Solar/Albedo/Planetshine Environmental Backloading (expressed as

sources on nodes in TMM)
* Articulation/motion of assemblies can be modeled as well as variation due to orbital effects
* Monte Carlo ray trace most typical solution approach
* Random location and direction selected for ray starting with 100% energy
* Ray is propagated until it intersects another surface along its path
* Energy is deposited from the ray onto the absorbing surface based on its properties; the ray is then reflected
specularly (£, cigence = Lrefiection) OF diffusely (random direction selected) based on properties
* Process continues until ray has minimal energy, after which it is completely absorbed or reflected
» Then another ray is fired from original surface. Process continues for all surfaces until acceptable statistical error is
reached for desired accuracy or maximum number of rays have been fired
* Fortunately, accuracy tends to be higher for larger view factors, so dedicated radiators do not need as many rays to be
fired if they have a large view to space
* Internal radiation is typically a secondary means of heat transport (conduction dominates)
« GMM may also be used to define material properties, thicknesses, heat loads, heaters, contact, etc

that will be used to generate appropriate inputs to TMM
* Nodes, sources, conductors, arrays...(these terms defined in two slides)
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Thermal Math Models (TMM)

e The TMM includes all nodal definitions and their interdependence
* Nodes may have mass, be massless, or be held as a boundary (space temperature is typical boundary)
* Node mCp (Mass x Specific heat) may vary with time, temperature, or be arbitrarily user modified
* Nodes are connected by conductors, which may be radiative or linear
* Conductance may vary with time, temperature, or be arbitrarily user modified
* Nodes may have sources applied
* Could be electrical dissipation, heater, environmental backloading, etc.
* Sources may vary with time, temperature, or be arbitrarily user modified
* Arrays may be defined for time or temperature related inputs
* Arrays are often referenced in the assignment of conductances, mCps, or sources
 The TMM also contains instructions for what is to be solved (steady state, transient),

simulation duration, solution accuracy control, result output frequency, etc.
* TMM runs are generally based on FORTRAN libraries which are included with the user data (Nodes,
Conductors, etc) to compile an executable program which generates the requested data
 TMM Output is then evaluated to see if:
* Temperature predictions are within limits with margin
* Heater power predictions are within budgets
 Stability and Gradient requirements are met
* Results may be mapped to structural model for thermal distortion/STOP analyses
» Thermal typically starts with bounding hot case to size the radiator, followed by bounding

cold case to size heaters — !! instantaneous mission temperatures are not predicted !!
* Bounding case predicts and off-nominal cases (launch, calibrations) are evaluated as design matures

Thermal Modeling and Analysis at GSFC - 2022




Thermal Analysis Process

Requirements Subsystem Thermal Basic Spacecraft Thermal Analysis
Inputs Outputs 1D Conduction
———————————————————— - - % .
:_ THERMAL DESIGN PROCESS I Q; =k A /L (TrT)
P 1 Q,;—Heat Transfer betweeniand j (W)
Physical Layout |_l>| k, Ay, L, By )_ e dhator : k — Thermal Conductivity (W/m K)
- - 1 _ U size Heater | A, — Cross Sectional Area [wx t] (m?)
Orlentatl?n and :} B; to Orbital A El_) T Power | L — Distance between T, and T, (m)
Orbit . Sources ;\ Qur Sef'zfes I Isolation is Small k, Small A, and Large [
Component [ a : Radiation
N SRC _ =g eAB. (TAT2
Dissipations r SFE\:tiz: Q; ABy (TA-T)
: N — o — Stefan Boltzman (5.67e-8 W/m?K?)
. Requests £.— IR Emissivity of Node i
\ 1
Red ltems Are Not} | %ﬁ:a’f&ﬂr Ny - v —p A — Area of Node i — || RADIATOR !
Controlled by | — ce . 1 B;;— Interchange factor betweeniand j
Thermal 1 Add Heatpipe Req}r{lts : : We let the GMM calculate these with a ray
1 Make Thicker trace for both B, and Orbital Sources!!!
Blue Items Are 1| chan ) 1 i
ge Material 1 Enerqgy Balance
Controlled by I Add Isolation ! 9y
Thermal : Add MLI 1 mC,dT/dt = Qg + Qura+ Quy - Qour
etc... 1 aE
1 mC, — Mass x Specific Heat (J/K)
Component I 1\— I dT/dt —Rate of Temp change wrt time (K/s)
Limits : Pmiﬁ Qspe — Input Heat Loads (W)
= I Temperatures to |l QHTR — Heater Powers (W)
Grad./Stability . structuraland/orl — We enter all the Conductors, Sources, and
Requirements | 1_ _ _ _ _ _ _ _ _ _ _ __ _ __ Opticsfor STOP | Nodes into the TMM and the computer

GMM — Geometric Math Model — Used for calculating B;s between SO TR BT

surfaces/nodes and Surfaces and Celestial Sources We may have some convection, aero-
TMM — Thermal Math Model — Network Analyzer for calculating heating, k = f(T), B;=f (t) or Qspc = f(t),
Temperatures based on input Nodes, Conductors, and Sources but essentially this is it !!!
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Thermal Tool Overview
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Thermal Analysis Tools

* A variety of commercial software tools are available to perform space based
thermal analysis for the verification of thermal designs

* Nearly all these tools use a similar approach:

* Compute Radiation Exchange between surfaces and represent them as heat flow paths between
computation points (i.e. nodes)

* Compute Radiation sources from Celestial Objects onto surfaces and represent them as applied heat
loads onto computation points (i.e. nodes)

* Combine the Radiation Conductors (Radks or GRs) and Celestial heat sources with: (1) additional
conductive/convective and/or radiative couplings representing the heat flow paths throughout the
design, (2) applied heat dissipations to represent the thermal design, (3) thermal capacitance of the
design, (4) logic to simulate the behavior of thermal components (e.g. heaters), and (5) instructions
governing the simulation boundary conditions and inputs

* This combined model of sources, sinks, conductors, and capacitances forms an electrical network
analogy which can be solved for temperatures at a nodal level as a function of time or under steady
state conditions

* For Radiation Computations, the most common solution algorithm is the Monte

Carlo Ray Trace (MCRT)

* For Thermal Computations, the system of equations relating nodal temperature,
heats, and conductors is often represented in matrix form as [G][T]=[Q], where
the solution is either iterative or a matrix inversion approach to yield [G][Q]=[T]

Thermal Modeling and Analysis at GSFC - 2022
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Current Commercial Thermal Analysis Tools
(Alphabetical Order, No hierarchy implied...)

* ESATAN-Thermal Modeling Suite (Radiation: ESARAD + Thermal: ESATAN)
* Maintained by ITP Engines, primarily used by ESA
» Space Systems Thermal [aka TMG] (Radiation + Thermal)
* Maintained by Maya Heat Transfer Technologies in collaboration with Siemens
e Systema (Radiation: Thermica + Thermal: Thermisol)
* Maintained by Airbus, primarily used by ESA for projects with Airbus support
» Thermal Desktop (Radiation: RadCAD + Thermal: SINDA/FLUINT)
* Maintained by Cullimore and Ring Technologies, used by NASA

» Thermal Synthesizer System [aka TSS] (Radiation: Radk,HeatRate + Thermal:
SINDA/FLUINT)

* Maintained by SpaceDesign Corporation, used by NASA

* Thermal Analysis Kit 2000 [aka TAK 2000]: (Thermal)
* Maintained by K&K Associates, most often used by Ball Aerospace

* TRASYS [not really commercial but still available | think] (Radiation)

Thermal Modeling and Analysis at GSFC - 2022
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Tool Comparison Metrics

* Tool Name (Radiation: Sub-Name + Thermal: Sub-Name)

* ENV: Software environment for tool (e.g. stand-alone, within Product XYZ, etc)

RAD: Analytical approach to solving radiation problem

CUT: Support for CAD Boolean subtraction operations (e.g. cutting)

COND: Analytical approach for conduction generation

OBJ: Support for thermal objects beyond internal surface conduction (e.g. Heaters)
FORMAT: Model file formats (ASCll/binary), file structure

CODE: Ability to add user customized code

SIM: Ability to define simulation cases (varying loads, orbits, properties, etc)

THERMAL: Model format (e.g. node numbers, submodel+nodes), compiler needs

Thermal Modeling and Analysis at GSFC - 2022
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ESATAN-TMS Overview

* ESATAN-Thermal Modeling Suite (Radiation: ESARAD + Thermal: ESATAN)
* ENV: Stand alone environment for model construction, visualization, and execution
* RAD: Shape based modeling with MICRT for radiation
* CUT: Extensive support for cutting operations

 COND: Automatic Conductor Generation across interfaces, Some FE support — but
automatic merging/renumbering of nodes

» OBJ: Strong support for Contactor/Couplings, Conductors, Heatloads, Heaters

* FORMAT: ASCII based input files, generally easy to follow Object Class structure
* CODE: Extensibility through User Logic in Template file

* SIM: Some customizability of configuration through Radiative/Thermal Cases

 THERMAL: ASCII file - Submodel:node based solution using FORTRAN as underlying
compiler along with application library

Thermal Modeling and Analysis at GSFC - 2022
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ESATAN-TMS
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Space Systems Thermal Overview

» Space Systems Thermal [aka TMG] (Radiation + Thermal)
* ENV: Integrated as part of FEMAP or NX Environments

* RAD: Radiation is generally diffuse view factors (VF) between elements. Hemicube
method uses graphics card for quick VF calculations. Some support to use Surfaces,
which are then meshed internally

* CUT: No cutting support, but meshing can be used instead

* COND: Uses Finite Elements to define Finite Volume for conduction computations

» OBJ: Strong support for thermal objects (Couplings/Contactors, Heaters, HeatLoads, MLI)
* FORMAT: Binary based input files for models, ASCII for some intermediate files

* CODE: Likely possible to include user files, but not as frequently used

* SIM: Extensive customizability of configuration through Study Setup

 THERMAL: ASCII file — Node number-based solution (No Submodels)

Thermal Modeling and Analysis at GSFC - 2022
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Space Systems Thermal
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SYSTEMA

» Systema (Radiation: Thermica + Thermal: Thermisol)

ENV: Stand-alone environment for model construction, visualization, execution and
postprocessing. Part of Systema framework which offers applications for analysis of power
systems, space environment (ATOX, particles, solar protons, ...), outgassing, Plume, Debris...

RAD: Shape based modelling with accurate analytical algorithm, based on advanced Quasi-
Monte-Carlo raytracing (using Halton sequences)

CUT: Extensive support for cutting operations

COND: Advanced automatic conductor generation (RCN) incl. cross-element and surface
contacts (not for cut elements)

OBJ: Support for Contactor/Couplings, Conductors, Heatloads, Heaters, convective couplings
and aerothermal fluxes

FORMAT: ASCII based input files, xml format for Thermica, ESATAN/SINDA like format for
Thermisol (MORTRAN)

CODE: Extensibility through User Logic in Skeleton files, Python API for batch processing

SIM: Extensive customizability of configuration through kinematics, high-precision trajectory
(Orekit), mission cases. Solar system fully implemented (e.g. for Jupiter moon missions).

THERMAL: ASCII file, Submodel:node logic, FORTRAN as underlying compiler along with
application library. Compatible with ESATAN input files. Option to use SINDA as thermal
solver.

Thermal Modeling and Analysis at GSFC - 2022
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SYSTEMA
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Thermal Desktop Overview

» Thermal Desktop (Radiation: RadCAD + Thermal: SINDA/FLUINT)

ENV: Integrated into AutoCAD environment for model construction, visualization, and
execution

RAD: Shape or Finite Element based modeling with MCRT for radiation
CUT: Very minimal support for cutting operations (can disable node in surface)

COND: Surface Edge nodes/Finite element with node merging for conduction, solid
tetrahedron mesher included

OBJ: Support for Contactor/Couplings, Conductors, Heatloads, Heaters, Measures
FORMAT: Binary dwg format for input files, but API allows access

CODE: Logic Objects to add User Code, Ability to add Code unique to CaseSets
SIM: Extensive customizability of configuration through Case Set Manager

THERMAL: ASCII file - Submodel:node based solution using FORTRAN as underlying
compiler along with application library

Thermal Modeling and Analysis at GSFC - 2022
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Thermal Desktop
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Thermal Synthesizer System Overview

» Thermal Synthesizer System [aka TSS] (Radiation: Radk,HeatRate + Thermal:
SINDA/FLUINT)

* ENV: Stand alone environment, but different applications for administration,
construction, visualization, and execution

* RAD: Shape based modeling with MCRT for radiation, shapes may be FE or Centroid
* CUT: Support for cutting operations, but only for radiation computations or FE
* COND: CondCap support for centroids, FE support for FECC, mesher included

* OBJ: No graphical objects for Support for Contactor/Couplings, Conductors, Heatloads,
Heaters, Measures — users adds these to Thermal Math Model file

* FORMAT: ASCII format for all input files
* CODE: SINDA/FLUINT file requires considerable manual assembly for logic
* SIM: No higher level simulation management provided

 THERMAL: ASCII file - Submodel:node based solution using FORTRAN as underlying
compiler along with application library
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Thermal Synthesizer System
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Thermal Desktop

* It should be noted that there is considerable overlap amongst the tools
in their capabilities and this package does not imply or specify an
endorsement or recommendation of any particular tool

* However, in the interest of demonstrating some of the techniques and
capabilities available to the thermal analysis community, the
subsequent material will focus on Thermal Desktop, as it is the most
commonly utilized software at the Goddard Space Flight Center

» The following slides will outline many of the capabilities utilizing screen shots
from the Thermal Desktop software

e Other tools may have superior, similar, or identical capabilities, but it is left as
an exercise to the user to locate similar features in other tools
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Support of CAD import and operations via AutoCAD
Thermal Desktop is a plug-in to AutoCAD and uses
the graphics engine to display thermal objects

This includes Surfaces, Assemblies, Nodes,
Conductors, Contactors, Heat Loads, Heaters, etc.
Conduction formulation for centroid, edge-node,
and finite elements

Orbit definition and visualization

Assemblies and Trackers for moving components
The RadCAD module computes radiative exchange
factors and absorbed orbital heating using a Monte
Carlo Ray Trace algorithm

The FlIoCAD module case be used to simulate
coupled thermal/1D flow type problems (pipe flow)
The SINDA/FLUINT module computes temperatures
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Extensive parameterization and configuration options

based on an electrical network analogy via Symbols, Aliases, and Radiation Analysis Groups

(Conductor/Source/ Capacit.or) « Model Browser to manipulate and modify the model
* Thermal Desktop can also display XY scatter plots including visibility control via a number of methods
and graphical contour plots of thermal results * Solver aspects are included in the Case Set Manager

e Temperature mapping to structural FEM for thermal
distortion analysis

e Mesh Controller object for solid CAD parts

e Measurement locations for sensor representation

which allows definition of the thermal case(s) which
generates and executes the SINDA thermal model
based on surface properties and thermal objects
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What is the Model Browser?
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ﬂ Face Ray Trace Contactor-Conponens to Deck (0.8 W/in2 K)[DECK_1][4]:2C9
fom Heat Load-Dissipation on Component E (1 W)[COMP_E]:2CF0

H-{3h] COMP_F
{3 COMP_G
- [st] COMP_H
{51 COMP_|
- {31 COMP_J
- [st] COMP_K
{3t COMP_L
- {3t COMP_M
{3t COMP_N
H-{3t1] DECK_1
{3t DECK_2
i-{st] DECK_3
H-{5i] DECK_CO
- {3t DUMMY
{5t ESPA
H-{3i] INACTIVE [CC & RADCAD DISABLED]
-] INST_1
.5t INST_2
n.fal INST v

1 object selected
1 TD/RC Node
211 Selected Items Visible
Layers:
o
TD/RC Nodes globally off

Data from: Surv _b00.sav at Time=0.

Max -14.42041 COMP _E._1001
Min -14.42041 CcoMP E. 1001
Bwg -14.42041

Total -14.42041

CoMP E.1001 —14.42041

e Model browser is more than just surfaces and assemblies...
e User can show

Submodels/Nodes
Radiation analysis group
Optical properties
Material Properties
Assemblies/Trackers
Contactors

Conductors

Heaters

Heat Loads

e Any TD objects related to these are shown under the related

branch

To Node and From nodes for contactor
Surfaces for Submodels/Nodes
Surfaces for Optical Properties
Symbols

Etc

e Information also displayed for selected objects

Temperatures, Heat Flows
Layer
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What are Radiation Analysis Groups?

e Radiation Analysis Groups are simply enclosures

— Only surfaces that are in the radiation analysis group can be “seen”. They may be inactive or
active, but if they are not in the Radiation Analysis Group, they do not exist to the ray trace

— Why bother with this? It allows for multiple configurations to be included in a single model
file. Internal and External models, varying instrument configurations such as reduced X,Y,Z
and detailed W or detailed X and reduced W, Y, Z.

e When a radiation run is specified, the Radiation Analysis Group must also be specified

e Can run radiation directly through menu or through Case Set Manager

e Orbital view only displays surfaces in current Radiation Analysis Group

e Displaying active sides is only for current Radiation Analysis Group

e Can merge existing Radiation Analysis Groups to form new ones (boolean OR)
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What are Symbols?

e Symbols are variables in Thermal Desktop

Defined in Symbol Manager and may be inter-dependent

Referenced just about anywhere in Thermal Desktop (opt property, length, rotation, power, etc)

Accessed by double clicking field where expression is to be entered

Wise to keep them to 32 characters or less if they are used in SINDA/FLUINT, which has 32
character limit on REGISTER DATA

May specify which symbols should pass through as REGISTERS to SINDA
e Some symbols may not be referenced by TD entities, but could be by SINDA logic

e Symbol values may be over-ridden in Case Set Manager

Hot Case power vs. Cold Case power

e Symbols may communicate between Desktop and SINDA through the Solver

Can be used for optimization, but not overly well documented
Solver seeks max or min value by varying parameters within constraints set by user

Could solve for minimum emissivity allowed to maintain Temp > X: solver would go back and
adjust emissivity and rerun radiation calculations, passing results through to SINDA for
temperature solution.
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What are Aliases?

e Aliases allow an Optical or Material property to be over-ridden for a particular
case

— Useful for trade studies or “what-ifs”
— May also allow BOL and EOL to all be contained in the same model

e Can also over-ride entire Optical or Material property database for particular
case

e To employ, follow these steps:
— Define the alias and the default property associated with it (e.g White Paint =Z93p BOL)
— Assign the Alias (not the property!) to a surface
— In the Case Set Manager, click on Props tab and then Alias button
— Select the Alias and then the new value to over-ride the default for this case
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What are Thermal Objects?

e Thermal Desktop allows a user to add graphical Thermal Objects

Conductors: user specified links between nodes/surfaces

Heat Load: fixed heat value

Heater: Thermostatically or proportionally controlled, SS behavior

Contactor (interface conductances based on overlapping length/area): see next slide

TECs: thermo electric cooler

Measures: locations in XYZ where nodal temperatures are interpolated to find measure value
Subdivided HeatPipe (with FloCAD module)

e Each of these objects is translated into SINDA logic in the SINDA output file

e Specific SINDA code may also be added

Logic Manager allows user to define code to be executed at defined points (e.g. before build,
end of run, VARIABLES 0,1,2 for specified submodel)

Each case set may also include user defined code for all SINDA blocks
Anything in Logic Manager applies to ALL CASE SETS
Anything specific to a Case Set applies ONLY TO THAT CASE SET
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What are Measurement Points?

e Measurement points are discrete locations intended to represent a sensor
location

e Measures are located in 3D space and are separate from the underlying model
mesh. A measure locates the projected point onto test surfaces and, if within

tolerance, performs interpolation to determine the temperature at that location.

As such, the mesh or nodalization may change, even if the measure does not

e Measures may:
— Be processed in Thermal Desktop only (post run and based on results)
— Output as Registers to SINDA
— Output as Nodes to SINDA
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What are Contactors?

e Contactors find a common length or area between two sets of surfaces
— Useful for “chip on board” or “panel to panel” type interfaces
— Overlapping area/length multiplied by user interface (W/m?2 K or W/m K) to generate SINDA
conductors

e From Set and To Set
— From Set, lengths: edges to consider must also be specified for surfaces
— From Set broken down into smaller sub-surfaces/sub-lengths
— Each sub-surface/sub-length is evaluated to determine which surface/length of the To Set is
closest. Node from this is then assigned as Node j of SINDA conductor
— Multiple conductors between same nodes merged in final output
— Best to use Ray Trace instead of Closest Point algorithm for areas

e Cannot be used to match edge to area (i.e. card into motherboard)

e Wise to specify tolerance for what is considered overlapping (typically < 1 cm)
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What is the Difference Between
Centroid, Edge Node, and FEM?

e Many older models utilize centroids
— Temperature is solved for the “center” of the surface/object
— Conductors often manually input

e FEM more commonly used now
— Temperatures solved at “corners”
— N x M subdivision yields (N+1) x (M+1) nodes
— Diagonal terms included and may be negative
— Resulting Conduction network no longer represents “kA/L” heat flow between nodes
— Node merging necessary to “connect” sides of elements
— Desktop includes option to merge coincident nodes, TSS does not
— TSS subdivides surface internally for ray trace, Desktop uses Shape functions to apportion
appropriate energy to each node when ray intersects surface
— Can surface coat free faces of solid elements with zero thickness elements
e Only 2D elements can radiate

e Edge Nodes are only available in Thermal Desktop

— Similar to FEM nodes except:

e (1) NO Diagonal terms included. Only kA/L relations to adjacent nodes.

e (2) Resulting Conduction network DOES represent heat flow between nodes
— Can convert edge node solids/surfaces to FEM 2D/3D elements

e But you cannot go back... (other than an UNDO just after command)
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What are Mesh Controllers?

e Thermal Desktop includes a mesh controller that can be associated with a solid
CAD part

e The mesher has very coarse control over mesh density and exclusively utilizes

tetrahedron solid elements and triangular elements for the surface coat
— Best used for simple parts
— Complex parts can quickly create an unwieldy mesh for thermal purposes

e The user has control over the display (e.g. wireframe, shading) and the properties
of the solid elements as well as coatings/materials for a surface coat

e Four layers created for each Mesh Controller:
— Mesh Controller
— Solid Part
— 3D elements
— 2D elements

e Different mesh controllers may be used for multiple parts
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What are Assemblies and Trackers?

e Assemblies represent related components whose position may be adjusted by

modifying the assembly
— Translation X, Y, and Z
— Rotations about X, Y, and Z
— Can be tied to symbol related to orbit position for slowly slewing components or
deployment simulations
— Can be tied to symbol and use Fast Spin computation option to simulate objects
completing many revolutions between orbit calculation points (e.g. scan mirror)

e Trackers are similar to assemblies, but actively rotate to point towards specified
object (e.g. sun)
— May be disabled during eclipses
— Rotations may be constrained to specified angle range
— Can be programmed to be active or locked
— May be nested for Azimuth/Elevation type pointing
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What Orbit Options are Available?

e Thermal Desktop has a variety of features supporting orbital mechanics including:
— Basic Beta Angle orbits
— Keplerian Orbit definitions
— Trajectory Data (Solar, Planet vector list)
— Surface and sky modeling
— Free Molecular Heating

e Solar, Albedo and Planet IR fluxes may be Time dependent
e Albedo and Planet IR fluxes may be Latitude/Longitude dependent

e Visualize vehicle in orbit
— Single or Multiple positions
— Animations
— Moving geometry as a function of trackers/assemblies displayed
— Display maps of planets/moon/sun for presentation quality images

e Visualize vehicle only from orbital location (e.g. Sun, Planet)
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What is the Case Set Manager?

e Case Set Manager allows full thermal cases to be defined

Radiation Tasks to be run (Radks, HeatRates, Articulated runs, etc)
Symbols to be over-ridden
Properties to be over-ridden

SINDA file properties to be specified
e Submodel specific data (Node, Conductor, Variables, etc)
e Qutput parameters and intervals
e Definition of run parameters (Convergence, SS/TR, End Time, etc)
e Submodels to BUILD for solution
SINDA file to be specified, run and post-processed

Hand shaking between SINDA and Thermal Desktop

e Multiple Cases can be defined and submitted in a single “run”

e Intelligent logic determines if Radiation results need to be recalculated
— Geometry or Optical Property Change
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Do | need to learn AutoCad to use Desktop?

e Technically, no, but it sure does help!!! There are some key things that it helps
to understand (in no particular order)...

Snap points: cursor snaps to endpoint, center, intersection, node, etc when close enough.
User can set this with the OSNAP command and F3 to turn on/off

User Coordinate System (UCS): when selecting an arbitrary point in 3D space (i.e. not an
endpoint, center, intersection, etc) on a 2D screen, there is a 2D plane defined by the user
coordinate system. This plane can be moved as necessary by rotating about X, Y, or Z or
alternatively by specifying an origin, a point on X and a point in the XY plane. Use the UCS
command to define a new UCS or go back to the World Coordinate system.

Entering points via text: a point may be specified by entering its world X/Y/Z coordinates
or using the @ prefix to be relative to the last point entered. Polar coordinates may be
specified using < between the distance and angle. So @1<90, would be 1 unitin theY
direction relative to the last point defined

Layers: layers are a way (outside of Thermal Desktop commands) to control the visibility of
Desktop or other drawing objects. Any objects on layers that are off or frozen are not
displayed. The layer must both be on and thawed for the object to be displayed. You can
make quick changes to existing layers through the combo box at the top or select the layers
button for full access (create, delete, etc.)

Properties: every object has some basic AutoCad properties, such as color and layer.
Access these by selecting the objects you want and typing in PROPERTIES or right click-
Properties
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You mean there’s still more | need to know?

Zooming: AutoCad provides some quick zoom commands. Z-E zooms to drawing extents, Z-W
zooms prompts for a zoom window, Z-0.9x (or any other number) zooms to that percentage of
screen size (in this case 0.9 times smaller)

Dynamic Rotation: 3DORBIT brings up the model within a green circle. Moving the mouse
within the circle will dynamically rotate the model. Moving the mouse outside the green circle
will rotate about the current screen Z axis. There are also 4 circles at 90° increments that allow
rotation only about the screen X or Y axis.

Rotating objects in 3D space (not rotating the viewpoint): AutoCad’s 3DROTATE (NOT
ROTATE3D!!!) command allows the user to specify the axis of rotation and the amount to
rotate the selected objects

Paper Space vs. Model Space: When TD goes into post processing mode, your are viewing
the model through a view port defined in paper space. The legend is in paper space as is the
window frame, but the model is through the viewport. PS and MS toggles between paper and
model space. Sometimes it is necessary to zoom out/in while in Paper space

Object Selection: AutoCad commands can work as a Noun/Verb (Objects are already
selected, now perform some action) or Verb/Noun (Perform some action and prompt for which
objects). When selecting objects, if the object is within the pickbox, then that object is selected
(might need to have edges within pickbox). If no object is found within the pickbox upon
clicking, then a Window (everything completely within the Window) may be selected by moving
right of the 1t pick point or a Crossing (everything completely within or crossing the boundary)
by moving left of the 1%t pick point.
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How much more do | have to learn?!
(Not Much more now)

Modifying objects: AutoCad native commands let you MOVE, ROTATE, COPY, ERASE,
MIRROR, or ARRAY objects. Furthermore, when an object is selected, grips are displayed (small
rectangles at midpoints, origins, end points, etc). By selecting and dragging a grip, you can also
resize, move, or rotate objects. F8 can be used to toggle orthogonal point selection when
modifying objects.

Inserting one Drawing into Another: before the days of cut-and-paste, AutoCad had the
WBLOCK command to export selected objects to a .dwg file and INSERT to import them. These
are still available, but Copy with Basepoint and Paste are easier. Note that the AutoCad COPY
command (copies within drawing) is different that the COPYCLIP command (copies to clipboard)
Blocks: when importing CAD geometry (STEPIN, IGESIN, ACISIN) the entire model and any
associated parts comes in as a single object. Then EXPLODE this object to remove the assembly
and be able to access the subparts. May need to do this multiple times to drill down to solids
from assemblies which import as blocks

Aligning objects: AutoCad provides a handy command (3DALIGN and ALIGN) to allow the user
to specify 3 points on a base object and 3 points on destination object(s) and rotate/translate
the selected object into the new position

Units: AutoCad does not necessarily have a specified unit set. That said, Desktop does. So, if
you have built your geometry in inches (from a CAD import) but Desktop had units of meters,
you could use the Desktop Preferences-Units option with the Don’t Scale Model to new Units
checked or use the AutoCad SCALE command. The AutoCAD scale command has the added
benefit that it can work on any objects, not just Desktop ones.
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How much more do | have to learn?!
(Almost to the end now)

Solid Object glitch: Sometimes CAD objects just don’t show up, even though the layer is
turned on. Using the PDMODE command with either 2, 1, or 0 (something different than the
current setting) makes the screen refresh and show the objects properly. Sometimes displaying
as wireframe can “kick” the system into working as well

LIST: the LIST command will echo to the text window some details on what was selected.
Useful to see if something is a block or solid

SLICE: used to cut a solid using boolean/cutting operations. Works only on 3Dsolid type
objects from other CAD programs

Graphics Glitch: sometimes the viewpoint is so far away from the scene that zooming to
extents does not work. Use the CAMERA command to re-position the viewpoint at 0,0,1
looking at 0,0,0 and switch to camera view. Then zoom to extents and see if this works. If so,
delete the camera.

Selection Preview or Hot Tracking: under Tools-Options Selection Preview tab, options exist
for highlighting an object when a command is active or when no command is active when the
cursor moves. Use this to disable hot-tracking if desired

Bylayer properties: selecting the color as bylayer will make the color of the selected object
be based on the color assigned to the layer on which that object resides

Filter command: filter command may be used when selecting to narrow selections to meet
user specified criteria (e.g. layer, object type, etc)

VisualStyles: this command lets you tailor the view as you like it (i.e. show edges)
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How can | find what I’'m looking
for in the Desktop Menu?

Edit...

Model Browser...

Case Set Manager...
Symbol Manager...

Logic Objects Manager..,
Domain Tag Set Manager...
Text...

Optical Properties
Thermophysical Properties

Radiation Analysis Groups...

SINDA Submodels...
Preferences...
Defaults

Surfaces/Solids
FD/FEM Metworlk:
Articulators
Modeling Tools

Model Checks
Radiation Calculations
Cond/Cap Calculations

Post Processing
Orbit

Fluid Modeling
TD Direct

Import

Export

Utilities

Thermal Desktop Help...
Open Support Ticket...
About Thermal Desktop...
CRTECH Website

Training Class

L " Vv

Desktop Menu follows a fairly logical flow...

Most common commands are at the top (Edit, Model Browser, Case Set
Manager, Symbol Manager, Logic Objects)

Definition of Opt Props, Mat Props, Radiation Groups (Enclosures)
Preferences (Units, Graphics Size, Graphics Visibility, etc)

Defaults properties for Surfaces, Nodes, Conductors, etc.

Define Surfaces

Define Nodes and/or Network (Elements, Conductors, Contactors, Heat
Load, Heaters, etc)

Define Articulation/Assembly Hierarchy

Modeling Tools (Renumber, FE Connectivity, etc.)

Model Checks (Active Sides, Opt Props, Thickness, Materials)

Offline Radiation or Conduction Runs (not through Case Set Manager)
Post Processing of Results

Orbit definition (may or may not be needed by general users)

Fluid Modeling (FIoCAD/FLUINT)

General Utilities (Import, Export, Screen Capture, etc.)
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Symbol Manager

H
i

H

Mew Symbol Mame: | Add
.
- o8 HiNt: Right click Tabs for Group options
A _ Edit
larme Fiesult Expreszion Comment SIND&  ExpMVal Typpe  Units Acad
jot_Caze 1] 1] -1 ro Surv, Ofar Cold, 1 for Hot On Exp On Copy
ck_Array_ B30 0 0 1 if Lacking to prevent tracking during Beta 90 Exp On
LI_On_Comp_N 1 1 Exp an RSRETTE
bwer_Scale 1 1 Power Growth Factor for Radiator Sizing Exp On
| Comp_A 515 515 Exp On
| Comp_B 13 13 Exp On
[ Comp_C 22 22 Exp O e
| Comp_D 2 2 Exp On B
| Comp_E 1 1 Exp On
| Comp_F a a Exp On
| Comp_G 12 12 Exp On
| Comp_H 4E 46 Component H dissipates 46 while in eclipse and 22 W while in sun, unless the orbit is full sun, ... Exp On Impart
| Comp_| 34 34 Exp On
| Comp_J 9 9 Exp On Export
| Comp_k. a0 i} Component K. dissipates 30 W for 7 minutes out of every howr. For the remaining 53 minutes, it mig... Exp On
| Comp_L 48 48 Component L dizsipates 48 W for 7 minutes out of every hour. For the remaining 53 minutes, it dis... Exp On
| Comp_ 2 2 Exp On
Help

Setting up Symbols

Ther

mal Desktop

— Symbols may depend on other symbols
— Symbols may affect geometry (size, rot)
— Can group Related Symbols together

comments as you go
e (Test Condition) ? TrueValue :

FalseValue allowed
— (HGA_Depl == 1) ? 90

e Can
purge
unused
symbols

e Can
import
from
external
files

riptions/

:0
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Defining Optical Properties

Edit Optical Properties

Current Optical Property Databage: ) ) _ )
Edit Optical Property - INST_BlackPaint

Sample_Model.rco

New propeity to acd || ~ Add Caomment: | I Set Color... I

Hame Solar Absorptivity 1R Emissivity ale Type Comment UUse Properties: | Basic Props for Radks and Heat Rate Calculations ad
INST_BlackPaint 0.930 0.890 1.045
INST_BlankelExt 0600 0.800 0.750 -
INST_NoRad 1.000 1.000 1.000 Basic  wWavelength Dependent
INST_whitePaint 0160 0910 0176
MoRad 1.000 1.000 1.000 ol
SC_Blackénodize 0730 0820 0.890 ®E
SC_BlankelEx 0600 0.800 0.750 - )
SEiSi;nE;E"zn o0d0 Py 0106 Absarptivity: 0393 EditTable.. [W¥s Angle  []Vs Temperature
SEC_Solarrray 0710 0,820 0,866
SC_whitePaint o 0630 ed Transmissivity: |:| Edit Table.. | []%s. Angle
Specularity: l:l Edit Table... s ngle
Transmiszsive Specularity: |:| Edit Table... s, Angle
Refractive Indices Ratio:
Optical Property Aliases —
nirare
Cunent Property D atabase:
Sample_hodel ica E rnisivity: 0.89 Edit Table..  []Ws. Angle W= Temperature
iz Mae Froperty Name Transmiszivity: |:| Edit Table.. | [%s. Angle
o add.
Edit Specularity: l:l Edit Table... [Ds. angle
L Reniame o . -
Transmiszive Specularity: |:| Edit Table... [C1%s. Angle
Copy.
Refractive Indices R atio:
Delete
Impott
Cancel Heln
Expon
oK Cancel Hel
/ E » Basic Solar and Infrared Optical Property

/ Values
» Property Aliases let you redefine the — Angular or Temperature dependence is there

properties as part of the Case Set by (if you can really get that kind of data...)
referencing a different Property
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Edit Thermophysical Properties

Current Thermophpsical Property Database:
Sample_Model.tdp

Edit Thermophysical Property - S5C_Aluminum

New property ta add: |\ v| Aadd Property: SC_Aluminum
- Comment:
MHame Cond [w'fin/C] Dens [kadin™3] Cp [Aka/T]
INST_Aluminurm 42418 0.0442451 296 Use Properties: | Basic Properties for Material ~
INST_DUMMY 1 0 1 Basc Th =
INST_MLI_D& i} 9830206 0 ermoelectric  Stress
SC_Alurninur 42418 (0.0442451 o398
7 Conducti
SC_MLI_05 0 9.83224e-05 ] onductivity  [W/in/C]
SC_Titanium 01505 0.0721031 540 k

Thermophysical Property Aliases

Current Thermophysical Property Database:
Sample_Madel tdp

Alias Name
ALIAS COMP N

Froperty Name

SC_Titanium

Cancel Help

3 0254 Use Table Pressure... Use Pressure
ke 0254 Edit Table... Use Table Pressure... Use Pressure
(® Isotrapic

(O Anisotropic

SpecificHeat [J/ka/C]
.
Density [kgfin~3]

rho 0.0442451

Effective emissivity

Edit Table... | [JUse Table Fusion...

e-star

(used for insulationgiad cor
Recession

[] allow Recession

Recession Temp: Use Rate Egn.

Set Color...

Scale: 1

Scale: |1

 Anisotropic

Properties

— For solid Finite
Elements, a
material orienter is
required to define
X,Y,and Z

[CJuse Fusion E

Scale:

/ Cancel

\ '\

» Property Aliases let you redefine the
properties as part of the Case Set by

referencing a different Property

* Phase Change
(Solid-Liquid)
using FUSION

* Nothing really exotic with Material Properties

— ¢* also included for MLI

— Temperature dependence is available if you have
the data for k and Cp
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Defining Radiation Groups

Radiation Analysis Group Manager

e Radiation Analysis Groups are a somewhat new

EEEEEE'S-DBSA-BW . PHUd concept to TSS / TRASYS users
%;TE?S”T . Cony — Simply put, a Radiation Group is an enclosure
VST Eema Y et Copy Selected — Only surfaces (or more specifically sides of
e surfaces) defined in an Analysis Group can “see”
S - each other during the computations
o | e This allows multiple configurations to exist in a
single model
Vi vetict 2o bastonierere o2 — Stowed and Deployed
Caneel Hep — Internal and External Couplings
— TV and Flight
* May Merge together multiple groups e So, Active Up/Down/Both/None may vary for

» May Copy existing for future modification

» Default group often used for display of
Active Sides or in Orbit Visualization to
determine visual states for surfaces and
radiative activity

each defined Analysis Group

e When specifying a Radiation Task, the Analysis
Group must be specified

e May present problems when exporting to
other codes, which do not support this
feature...
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Setting Preferences

User FIrEferenCES

Units ~ Graphics Visibilty = Graphics Size Graphics Resolution Graphics Text Calculations  SINDA {:} Unts | Graphics Visbilty | Graphics Size | Graph Units  Graphics Visibilty Graphics Size Graphics Resolution Graphies Text  Caleu
Nodes
Global Show Options . Themal Desktop Interface Units
Lumps [ Conductors v | Model Length: in w [] Dont scale model to new length units
; () Absalute: 393701 iy
[ User Defined Nodes Paths [ Contactors l:l_j Temperature: c ~
Active Side Arows
Surfaces Ties [[JHeat Loads / Heaters / Pressures ‘% ® % of screen: Eneray: - - Defved Interface Units
Solid Finite Flements Fipes [[] Material Orienters +‘ O Absolute: 383701 in Time: g hl Speffic Heat: J/kg/C
Measures Rotation fxes [ Trackers :H: Conductors/Heat Loads Mass: kg > Condyetivity:  Win/C
J !
Diameter scale factor: m } -
Meshers, Mesh Impaorters FTies Assemblies ﬂﬂ - Orbital Length:  |km o Densi kg/in"3
4 - . .
Mesh Displayers, BCM, |Faces Primitive Axes Length / Wireframe Display Pressure: Pa B Flux: Win"2
PP Mappers, Cutting Planes - % of screen EI -
Compartments Heat Exchangers Edge Contact Conductance Farge: N ~ Fower: W
Units  Graphics Visibilty ~Graphics Size Graphics

TD Direct Importers Forts [1Ribs not drawn with thickness on Text Label Size Angle: Degrees Seebeck Col: volt/C

Tees [] Thickness Wireframe ® D Eff. Resistivity:
rimitive: Axes in wirsframe : 3.33701) urment: am ~
O P A ref FK Locators O Aosolute: 3.93701) in c p
mode
: Cond/Cap Mot Generated for nodes, Volage: volt w
[]7D Text Path Linkers ) ; g
boundary conditons, FloCAD objects Fort: |monotrt »
Cond/Cap Mot Generated
For Surfaces & Solid Objects
Show Scale Color Display
Select All Deselect Al
Node Nodes Submodsl Id <] [ Show Node Subggedel Names

» Units, Global Object Visibility, Size
— Toolbar toggles for most commonly used objects (Node, Planar FE,
Surfaces, Solid FE, Heat Loads, Conductors, Contactors)

* Option to Include Submodel name when displaying node numbers
» Scale or not scale model when changing units
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Importing Geometry or FE Models

Import >

TRASYS

T55
MNEVADA
STEP TAS 6.0

Create FE Mesh Importer

Thermal Desktop Block Reference
Copy Thermal Desktop Block Reference

FEMAP ascii neutral (v10.2)
|-Deas FEM

|-Deas FD

MASTRAMN

AMNSYS

STEP-200

TASPCB

XREF Data

Export b

‘Write Node Information

Post Processing Data Mapper
Map Data to Locations

Map Data te Mastran Model
Map Data te ANSYS Model

TRASYS

TS5

STEP TAS 6.0
STEP-209
NASTRAN

Convert Thermal Desktop Geometry to AutoCAD

e 2 Methods to Import: Native AutoCAD and Thermal
Desktop

e AutoCad imports geometry only, NOT THERMAL
GEOMETRY (i.e. does not include optical properties,
nodes, materials, etc.)

— IMPORT (user specifies file type, e.g. IGES, STEP, ACIS)

— Useful to have underlying geometry over which thermal
surfaces will be added by the user

— There is no magic button that will turn a solid model into a
thermal model

e Thermal Desktop imports model geometry
— TSS, TRASYS, FEMAP most common

— Note: Thermal Desktop does not support the STEP-TAS
converter itself and re-directs to an ESA website

— Only includes properties that exist in imported code (e.g.
NASTRAN may not have opt properties)
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Adding Thermal Surfaces

O
o

4
0

O
=
&
@
®
(]
O
&b
v
=
4
o)
O

OF 0% OO0 cocH

@O

8 888

From AutoCAD Surface
Cone

Cylinder

Disk

Ellipse

Ellipsoid

Elliptic Cone
Elliptic Cylinder
Ogive

Offset Paraboloid
Paraboloid
Parabolic Trough
Polygon
Rectangle
Scarfed Cone
Scarfed Cylinder
Sphere

Torus
Box

Solid Brick
Solid Cene
Solid Cylinder
Solid Ellipsoid
Solid Sphere

e Various Surface and Solid types

Finite elements are created differently (by selecting nodes)

e All surface properties are defined on tabs under Surface
Properties

Subdivision: Node breakdown, Edge vs. Centroid
Numbering: Submodel, Node IDs, Single/Double Sided

Radiation: Optical Property, Activity for Analysis Groups,
Overrides of sub-area

Cond/Cap: Thickness, Material, Diffusion vs. Arithmetic node
Contact (Don’t use this!!! — may not even be displayed)

Insulation: Specify e* via material, MLI node offset,
Overrides of sub area, Programmed (may exist or not
depending on symbol)

Surface: Comment (good to put this in!!), length, width,
height, radius, starting angle, etc.

Trans/Rot: Further transforms to locate surface in 3D space

Thermal Modeling and Analysis at GSFC - 2022

53




Rect[COMP_H]::2003

Subdivision

() Centered Modes
¥-direction

Rect[COMP_H]::2D03

MNumbering Radiation Cond/Cap

Rect[COMP_H]::2D03

Subdivision MNumbering Radigtion Cond/Cap Insulation Suface Trans/Rot

Both Sides

Submodel:

COMP_H . o |
. 4

(O Use Start ID: 1011

(®) Use List:

1011

1012 \)(\ AN
1013 $ 60 R\

Insulation Suface Trans/Rot

Net Used

Submodel:
COMP_H

Use Start ID: 1011

Use List:

i)

oo ooo oo
[
5 ]

=== 1=0=1-
R Fa R RO R o
wh e~ o o L

Analysis Group Name,

Rect[COMP_H]::2D03

Subdivision MNumbering Radiation Cond/Cap Insulation Suface Transf@
-

j er ‘hﬁs Radigifdealculations
‘\6% ] &®

Active Side

g

A\ PR ¢
t ,

> |

Subdivision MNumbering Radiation Cond/Cap Insulation Suface Trans/Rot

Generate Cond/Cap
Cond Submodel: [l -
Gen Nodes: Based on material property v
Material Thicknessiin}
SC_Aluminum v| [0z |
DEFAULT 66"
DEFAULT N 6{3\0(\&?'
o\\\\ P Q%
Muttipliers: Q“ ‘,{\\) (\o
Densiy: \o‘b O aC
U Cond: (\6 { ;N 00
V Cond: oo ’b’&e .&\
W Cond: ¢ @ $

Core Lateral Conduction

Cancel

Bottom Side Ovemides...

Help
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Rect[COMP_H]

Generate contact conductors to adiacent sufaces for:

Top./Bottom
[iTen:

[ Bottom/In Side

Generate area contact at

9
>
[JAleng ¥, @0\

Edges: 0
@\

O Nang

[JAlong Y at ¥max :0

[ Along X at ¥=0: WANC

OJfutontop/outsidel | P

Top/Out Side Material/ Thickness
Single Material
M aterial: SC_MLI_D5
Thickness: |0 in MNumber of
Muttiple Materials (Stack)

Stack. DEFAULT

Top/Out Side Node Numbering,/Creation
Cffset Node Ids Only

1D Offset:

Calc Type:

Based on matenal pmper@

Initial Temp: 20

Ovemides. ..

Mote 1: Insulation conductors are assumed constant are:

Subdivision Mumberng Radiation Cond/Cap Contact Insulation Suface Tra

Wi 2f6®6 %e\
\@ |%se Absolute o
0

Q:ﬂh_lta
HQOO (\&/@9@2 Absolute

Subdivision  Mumbering Radiation Cond/Cap Contact Insulation  Suface Trans/Rot

\0 ,@
0~\

Mote 2: Optical Properties of the Insulation are set on the R

Expression Editor

«?«

o‘\

*
*
*

[ Use Absolute

[ Use Absalute

[C]Put on bottom/in side

Bottom/In Side M
Single | BET li@

f& é\é

I@ Material &
gQ &tack v s-SLT
,oo O

Stack Manager

Hodes: 1

o
‘\6 1 AN
«‘X\ :
©> é°Qe

Ovemdes. .

d Dutput @xpression Ta SINDA

Exprezzion iz in SINDA Units (Mo units Conversion perform

&benn

Select unitz for: Length

in ~

>

&g,b&

[] Disable W arnings for this Expression

‘Numher of Nodes: 1
O
&Y \\

%

Based on material property

C

w due to changing radius are not accounted for. All linear calculations are K*A/L.
. ab

[Pleaze make

Rect[COMP_H]::2003

Subdivision Mumbering Radistion Cond/Cap Contact Insulation Surface

Comment: |

X Max:

¥ Max:

Rect{COMP_H]:2D03

Subdivision Mumbering Radigtion Cond/Cap Comtact Insulation Suface Trans/Rot

Translation X:

Translation "

Translation Z:

Riotation 1:

Ruotation 2:

Rotation 3:
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Adding Thermal Network Objects

[ ode . . o, ®
7 oo — e \Various non-geometric entities can be added
Mode-to-Nodes Conductor | |77
lﬁ MNode-to-Surface Conductor |:::| - NOde
#  Node-to-Edge Conductor
= P— .:f‘p Conductor
¥ Element — Contactor
-{]} Tet Element F
¥  Heat Load On Nodes - Heat Load On NOde
it Heat Load On Surfaces
B Heat Load On Solids f - Heat Load on Surface
I Heat Load On Edges _ Heater
ii Heater on Surfaces m .
| Pl iy * As well as some geometric ones
i eater on Edges
ermoelectric Cooler - ini : ) i
Th E‘ Planar Finite element (FE) : Quad, Tri
Thermoelectric Generator . .
Pressure Load — Tetrahedron Finite Element
Boundary Condition Mapper .
Comve TECPlt to By Condion Moppes e — Wedge FE can be formed from extruded/ revolved Tri
% il = — Brick FE can be formed from extruded/ revolved Quad
S ui — Solid elements do not radiate...need to surface coat with
Convert AutoCAD Surface to Nodes/Elements zero thickness 2D elements to allow for radiation
Extrude Planar Elements into Solids . . o
Extrude Mormal to Planar Elernents into Solids . NOde Merglng ’s CrUClaI to SucceSSfUI use Of Edge
Revolve Planar Elernents into Solids Node or Fin"te EIementS!!!

Map Solid Mesh between Conics

) Show Solid Interior Faces
() Hide Solid Interior Faces
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Enabled for Cond ¢ Cap and RadCAD Cales.. Add Code i Can Define"‘
Submodel: v| _ e, .
— Submodel, Initial Temp, ID
come | ' * Nodes assigned to a surface have their
R capacitance and type defined by the surface

— — User may over-ride this (e.g. make a node a

. boundary node)

— Clone nodes have no properties and must

have the base node type defined elsewhere.
C10ver caodair by et/ sfacs — Useful for making conductor connections is a
[ Put in sub-netwark, .

separate location
Mo Telzenes: i
e Subnetwork is a more advanced concept

(see sketch at left)

— Allows for interactions between a few
discreet points to be solved only once in
solver, and results mapped back later

Original Network Solved Network  _ 544 for things like flexures, brackets
Subnetwork in Red
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Adding Thermal Network Objects: Conductor

Conductor » g Can Define...
E Enabled for Cond/Cap Calcs... i - SmeOdeI’ CondUCtance' ID
Conmert.[Bott from Comp C Mount to Deck (1 W/K_ 8ocations) | * Node-to-Node conductor only allows for
cumotd [COWPC OO 8 two nodes to be selected at creation time
® butomanber D — User can add or removed additional nodes
O ID rmber |0 later at Properties form
e Bl > — From Node may also be reselected
[vs. Time — Note that Node object must be selected. A
Walue: WAL Arrap... : .
L “ Ove Temp i user may not specify the node by its
DUseMateriaI: DEFAULT identifier (e.g. SU BMODEL.ID)
] Racision e |f Material is specified, then Value
[ Per Area Symmetric Heat Flow ~ become mUItip“er (A/L)
[ rsulstion nodes e Can specify one-way or radiation type
From Node: COMP_C_MOUNT 1015:34D6 Reselect conductors (Default is linea r)
DR 3 11 8 Top * Per Area can be useful for heatpipes
& E

*oEw (Vapor to wall based on h)

@omon s

oo e Ability to add/remove nodes, turn on/off

- visibility and node numbers of connected

nodes
Add Code
0k, Cancel Help
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Adding Thermal Network Objects: Contactor

g ® Contactors find overlapping edge or area between two
Camment " ‘Comporﬂistn Deck (0.8 W/in2 K) / |
Conductar Submadet |DECK_1 /I ~ Su rfa Ces ' ' ' .
Contact From: Faces o Fiestart Files From Current Defaul Directory  + — Common Length/Area is then multlplled by user Supplled

Conduction Coefficient [Conductgnce/Area)
08 ﬁ
Input Walue Type: | Per &rea Or Length
[JUse Materia: ~ DEFAULT
[ R adiation [ 0netwlay
[ Use U Scaling
[JUse ¥ Scaling

[ Use Insulation Nodes

Inputs For Connection Algorithm

Integrations |nteryals:

om [12 objects, Area = 834.7353 in"2)

[ &pply Surface Thickness Ta Test Paints

factor. Absolute conductance also an option
— Specify which face/edge to include in “from” surfaces
— Allows for connections to still be made even with
changes in break-down or nodalization of surfaces
e Two algorithms: point or ray trace
— Edge only allows point algorithm
o ] — Ray Trace better for areas

Fr

Rect[MAIN]::2C83  Bottom
RectMAIN]::2CB3  Bottom
RectMAIN]::2CB1  Bottom
RectMAIN]::2CAF  Bottom
RectMAIN]::2CAS  Bottom
RectMAIN]::2CAB  Bottom
R

ectMalMN]:2C47  Bottom

ol PR e Generally better to not include thickness...
@ ~~e Tolerance useful to ensure that improper connections

w

I%EE!*_J WlZmorEE e KIS0 are nOt made

— Test points/sub-areas must be within tolerance to be

1. Surface subdivided - connected (gap between surfaces/edges)
2. Region containing sub e Similar To/From Node control as

areas determined

3. Subareaoverlaps Conductor (Visibility, Numbers, etc)
summed for each region

4. Summations multiplied
by user factor
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Heat Load Edit Form

Enabled for Cond/Cap Calcs...

Adding Thermal Network Objects: Heat Load

Subrnodet |IZDMF'_A

Type: Conzstant % alue

Heat Load ']

(®) Total Load () Flus

Total Area = 172.8377 in™2

[J Put heat load into Insulation nodes

RecttAlM]:2C43 Top

Apply on Surface
o+ d Y F]
.5 0A

v L)

Cancel

Help

e Can Define...
— Heat Load, Type, Submodel, Load/Flux,
Side to apply heat

e May be added to a surface or a node
e Logic goes into VARIABLESO section of
specified submodel
e May be Time and/or Temperature
dependent
—Might be easier to handle Time or
Temperature dependence via symbol
manipulation in SINDA instead of
through Thermal Desktop

e Whenever possible, output heat load as
expression (allows greatest model
flexibility)

e Similar Apply To Node control as
Conductor (Visibility, Numbers, etc)
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Heater Edit Ferm

Enabled for Cond/Cap Calcs...

M ame:

|Con'ponerl H Survival Heater

Logic Submodst  [COMP_H

Reqister append string:| COMP_H_Srv

Input Values
Heater Power: W
(®) Pawer () Flux
On Temp: C
0ff Temp: g
Froportional OFf ...
[ Transient Scaling Edit...
Froportional Steps
Sense Methad...
Fre Logic... Post Logic...

[ Use Insulation nodes if possible

Apply Load on Nodes

£

Steady State

() Set Sensors To Mid Point Temperature

() Set Applied Ta Mid Paint Temperatures

() Set Power
5 %
(®) Prapartional
Damp Factor: 0.05
Program Senge Method...
Sense Temperatures on Modes w

COMP_H.1033:2034 Top
COMP_H.1038:2033 Top
COMP_H.1037:2D328 Top
COMP_H.1007:2CFA  Top
COMP_H.1008:2CFB  Top
COMP_H.1003:2CFC  Top

COMF_H.1041::2053 Top

C A T A TR

0K

Cancel

+ <% % 608 oA

Help

Can Define...

— Sensing Node/Surface(s), Application Node/Surface(s), Logic
Submodel, Power, Type (Thermostatic, Prop), On/Off Setpoints,
Steady state behavior

Good practice to assign something meaningful to Register

Append String

Steady State behavior

— Midpoint Temperature: holds as heater nodes regardless of power
needed!! Debate as to whether to hold application location or
sensing point. See TDHTR and TDREL functions in SINDA file

— Percentage

— Damped Proportional — recommended for most cases

Sense Method
— Average, Minimum, Maximum, User Specified
If no Sense Temperature From defined, then Application

node(s) is sensing location
— A bit dangerous to use Set to Midpoint Temperature if Sensing
Point and Application Point are different

Heater can be converted to heatload by setting setpoints high
Again, best to output Power and Setpoints as expressions
when possible

Similar To/From Node control as Conductor (Visibility,
Numbers, etc)
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Create Assembly
Create Tracker

Reset Trackers
Attach Geometry
Detach Geometry
Highlight Geometry
Detach All

Toggle Global Activation

Assembly  Trans/Rot

e Assemblies can be used to group together

Name: |Flota1ing Baffle

related geometry. Geometric surfaces must be

Comment: |

[[] Graphically Display Name

Active

see n

Display displacement vector an:

d base coordinate system

attached to assembly.
— If an Assembly is moved, all attached geometry
moves with it (if it is active)
— Assemblies may be attached to other assemblies

Single Axis Tracker

MName: |M"llh |
Track Wworking Mode
Sun () Always
M adir (®) In Sun Only
Star (O In Shade Only
Right Secension; |0 (O Between Anomalies [deg)
Declination: ] Start:
Lock End. 360
Angle: True Anomaly
Program® tean Anomaly
() Disable [Mever Woarking)
Program
Fange of Mation Dizplay
Fram: ICI degress
Size: -1 2 in
To: deqrees
Active
Cancel Help

— Assemblies my be dependent on symbols. Useful
for allowing geometry to change based on
configuration (stowed/deployed)

e Trackers are like assemblies, but rotate the attached geometry
relative to some fixed point (e.g. the sun)

Trackers may also be nested
When trackers are active may be specified/programmed as well as
what to track

Trackers may also be disabled in analysis
e Disabled trackers are in their default state

Range of motion may also be specified

e Geometry attached to a tracker/assembly may not be attached
to another tracker/assembly without first detaching it
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Model Browser

Subrodel.ld
Mon Graphical Objects

Analysis Group
Optical Props

Thermo Props
Surfaces/Solids
Contactor/TECs/TEGs

Assemblies/Trackers
Grip Manipulators
Conductors

Heaters

Heatloads

Orienters

Pressures

Measurement Points

Fluid Properties
Fluid Submodel.ld
Fluid Flow Order
Paths

Ties

Pipes

Macros

Rotaticn Axes
IFaces

FTies

Heat Exchangers
CAPPMPs

Ports

Tees

FK Locators
Compartments
Path Linkers

TD Direct Importers

Meshers/Mesh Importers

Mesh Displayers/PP Mapper/BCM/C
TD Block References

Symbols/Expression Usage

Text

Metwork Element Logic Entity Usage
Domain Tag Sets

Groups

Layers

N Sample_Model3.dwg
List By Edit Display Query Options Tree Actions
Help

*1R B 0 AR > £

Submodel Node Tree ~
(-5t BOOM
-t COMP_A

=10 1001

E Face Ray Trace Contactor-Conponens
i..jil Heat Load-Dissipation on Componen

COMP_B
COMP_C_MOUNT
COMP_D %] Edit
COMP_E R Rebuild Tree
COMP.F so  Turn Visibility On
COMP_G B Tumn Visibility Off
COMP_H =
__ COMP_| 0O Display Only
__ COMP_J A Display All
COMP_E %3 Undo Last Visibility Change
-5 COMP_L 1% Tumlds On
-5t COMP_M @, Tumds OFf
COMP_N Highlight selected objects in graphi
DECK_1 Un-Highlight
DECK 2 E= XV Plot Selected Objects
DECK.3 List Selected Objects
DECK €O Copy Mame to Paste as Text
DuMMY _
ESPA & Delete
. INACTIVE [CC &L F Show Contactor Markers
f‘ il INST 1 Teggle Enabled Status...
2 cbjects selected Zoom Selected Objects

1 surface

1 heat load

1 contactor
211 Selected Items '
Layers:

o
Heat Loads globally
Contactors\TECs\TE:

Send Selection Set to AutoCAD
Turn On Selected ltems’ Layers
Freeze Selected ltems' Layers
Change Layer

Change Color

Expand Selected Items

Data from: Surv_b00 Collapse Selected ltems

Heat Load-Dissipatis
Total Absolute Heat

Display Only From Clipboard

Close Expanded ltems

Change Background Color

Options  Tree Actions  Help
Always Trace Children
~  Auto Select
~  Aute Update
Do Mot Expand Modes, Lumps, etc.,
~  Output Window on Bottom
~  Show External References
Always Show Domains Expanded
Subindent Tree

~  Current Post Processed Data
Temperatures
Capacitance
Heat Loads
C5G
Nede Tabulation
Mode Map
Heat Map
Lump Tabulation
Path Tabulation
Tube Tabulation
Lump Map
Path List
Path Dimension Tabulation
Tie List
Tie Tabulation
FTie List
FTie Tabulation
IFace List
IFace Tabulation
Flow Order Tabulation
Register Tabulation
Logic Fortran Array Tabulation

Heat Flow Between Submodels
Heat Flow Options

The Model Browser is the best way to find
what you are looking for in a model that is
nearing completion or as you are building
Numerous options for how to display the
entity hierarchy of the model
— Can see what nodes/surfaces are associated
with Opt Properties, Heaters, Heatloads,
Contactors, Symbols, Radiation Groups, etc.
— May edit most selected objects in tree
— Good idea to add comment to surfaces for
better identification in the Model Browser
May select nodes/surfaces in the tree and
turn on/off visibility and node numbers
— Multi-select allowed
— O to show only selected, A to show All
May edit many entities from Model Browser
Options to Include child nodes when selecting
parent or select surfaces/nodes in AutoCad
window when selected in tree
— Display results in section below tree
— Heatflows (nodal, submodel to submodel)
Many context menus accessed with right-click
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Model Organization

L

Resequence IDV's...

Lad—

1% Resequence Fluid ID's.. e While Desktop will generate the entire model for you, it is
PP . still a good idea to number regions for later identification
B Align UCs o Surface B — At a minimum, submodels should be used to organize the
<. [ model hierarchy (change this by changing Submodel field for
I3  Shift Connectivity of a Planar Element/Rectangle Selected NOdeS)
Convert Finite Difference to Finite Elements . . . ;- .
& Spiit Quad Element nto T Elements — Within a submodel, Resequencing ID’s is a good idea
= nesenee e 1xxx for component A, 2xxx for component b, 3xxx ...
’, e e e Easier to identify in text output later
< bl e Node correspondence also available
A onnect Pipe .
Merge Lumps — Renumber nodes prior to export to SINDA
S — May merge radiation results into TMM nodes for model
Clear Path Area Simpliflcatlon

Display Sub Entities for Contactors/Pipes/fAxes

My Show Aggregated Ducts ([ ] Align UCS
Remowve Duplicate Points on Lines for Pipes . .
- - — Set drawing coordinate system to that of selected surface

m Teggle Selection Filter

) [y * Convert FD to FE

% Undo Turn Visibility Off/On — One way operation. Cannot go back to FD from FE
e — Surface removed and elements created in its place
i3 Turn Numbers On — Caution: FD Solid Radiation not preserved

Copy Properties From Master
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Model Organization (cont’d)

=2 el e Element updates
k| VESEQUENCE FIUId Sun . . . .
Node Correspondence.. — Reversing the connectivity of element changes the active
= P ’ side (1-2-3-4 to 4-3-2-1) changes +Z based on Right Hand
Toggle FD Mesh Modalization RUIe
4. Reverse Connectivity of Planar Elements/Meshes — Can Split quad element into 2 tri elements
I3  Shift Connectivity of a Planar Element/Rectangle C f.
Convert Finite Difference to Finite Elements - an re Ine elements
[ Split Quad Element into Ti Elements e Nodes added at midpoints for new elements
e e Quad to 4 quads, Tri to 4 tris
o + Selection Filter
4 Disconnect Pipe — If OFF and more than one object type selected for edit,
& Efe’:;:‘f;'f; user is prompted for object(s) to edit
Clone Lump — If ON, user is prompted even if only one type
e e Control Visibility of selected surfaces
_ Diply Sub Entte for Contactors/Pipes/Axes e Control Node Number display of selected surfaces
L Show Aggregated Ducts .
Remove Duplicate Points on Lines for Pipes g Copy Propertles From Master
N, Toggle Selection Fite — Specify Master Object
Synchronize Node Layer . .
N — Select object to copy Properties from Master to
i Undo Tum Visibility Off/On e Node Numbers, Subdivision, Names, and
%, Tum Visibilty On Dimensions/Locations are not altered

:'! Turn Numbers Off

Turn Numbers On

e Best used for Material, Thickness, Opt Props, Radiation Active
Sides, Double Sided Numbering

Copy Properties From Master
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+

]

Model Checks

Display Active Sides
Active Sides Off
Active Display Preferences...

Color by Property Value
Color by Property Value Off

View Model From Sun/Planet

List Duplicate Nodes
Show Free Edges

Check Elements

Check Pipe Connectivity

Show Contact Markers
Show Contactor Markers
Clear Contact/or Markers

Calculate Mass
Calculate Area

Calculate Volume

Output Analysis Group Summary

Output Mode Optical Property Summary

Check Overlapping Surfaces

O TopSide

O Active Sides for Tag

Surface Selection

Prampt for subset of surfaces

Use all surfaces

[ Draw ltems with na data in wireframe

Dily

M| Check Overlapping Surfaces

Optical Properties
Thermo Property Name
Conductivity

Specific Heat

Density

Insulation E-Star
Insulation K-5tar
Element Skew
Insulation Thickness
Thickness

Thickness Total

Density Multiplier

Ku Multiplier

Kv Multiplier

Kw Multiplier

Area Contact

Edge Contact

Generate Nodes Option

Fluid Initial Conditions

‘:0’] Set Orbit Position/Location...

» .
A, Mext Position

X Previous Position

omarepereme @ Check Active Sides (for All Analysis Groups)
Solar Absorptivity

— Active Sides may also show MLI, Top Side, or
Domain Tag Set active side

— May show as arrows or colors
e Green: visible side is active
e Lt. Blue: visible side is inactive
e Yellow: both sides are active
e Dk. Blue: both sides are inactive

e Red: not in analysis group (NOT THE SAME AS
BOTH SIDES INACTIVE)

e Color by
— Optical Property Name or Value
— Thermophysical Property Name or Value
— Thickness
e View local model from Sun/Planet
— Not the same as viewing in the orbit (no
planet included)
— User may select orbital position

Selar Specularity

Solar Transmissivity
Selor Trans Specularity
Solar Refrac Ratio

IR Emissivity

IR Specularity

IR Transmissivity

IR Trans Specularity

IR Refrac Ratio
Alpha/Emiss

Analysis Group BASE h
Tolerance: in
|ntegration intervals:
Waning if greater th % covere: d
Cancel Help
Cancel Hel
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+

]

Model Checks (cont’d)

Display Active Sides
Active Sides Off
Active Display Preferences...

Color by Property Value
Color by Property Value Off

View Model From Sun/Planet

List Duplicate Nodes
Show Free Edges

Check Elements

Check Pipe Connectivity

Show Contact Markers
Show Contactor Markers
Clear Contact/or Markers

Calculate Mass
Calculate Area

Calculate Volume

Output Analysis Group Summary

Output Mode Optical Property Summary

Check Overlapping Surfaces

Mode

O Adlive Sides for curent analysis group: | BASE

®f

O TopSide

O Active Sides for Tag

Surface Selection
Prampt for subset of surfaces

Use all surfaces

[ Draw ltems with na data in wireframe

Display

M| Check Overlapping Surfaces

Analysis Group

Optical Properties
Thermo Property Name
Conductivity

Specific Heat

Density

Insulation E-Star
Insulation K-5tar
Element Skew
Insulation Thickness
Thickness

Thickness Total

Density Multiplier

Ku Multiplier

Kv Multiplier

Kw Multiplier

Area Contact

Edge Contact

Generate Nodes Option

Fluid Initial Conditions

Optical Property Name
€ Solar Absorptivity
Selar Specularity
T Solar Transmissivity
Selor Trans Specularity
Solar Refrac Ratio
IR Emissivity
IR Specularity
IR Transmissivity
IR Trans Specularity
IR Refrac Ratio
Alpha/Emiss

‘:0’] Set Orbit Position/Location...
‘:0_’* Mext Position

X Previous Position

Tolerance: in
|ntegration intervals:
Waning if greater th % covere: d
Cancel Help
Cancel Hel

List Duplicate Nodes
— Good unless many locations for duplicates is intended
— If only a few, then it is usually easy enough to keep track

Show free edges

— Used to show if FE edges were not connected via node
merging

— Should only be along outer edges

Contactor markers (not Contact!)

— Graphically displays locations of sub-areas/sub-lengths
where contact is made

— Excellent way to make sure correct edges/sides were
selected

— Best to clear before running again

Calculate Mass
— Submodel breakdown based on Area, t, p

Output Analysis Group/Node Opt
— Tabular output of Node/Group/Opt Orop

Overlapping surfaces

— Automatically checked by default in Radiation Task under
Case Set Manager

— Autocad Group made for surfaces that overlap (but does
not include surfaces that are overlapped...). See log file
(CheckOverlappingSurfaces.log) for details
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Defining Orbits

Heating Rate Case Manager

» Multiple Orbits Allowed
— Orbit Parameters (Alt, Incl, Beta, RAAN...)

Curent Heating Flate Case: Cold_ban

Cold k00 BASIC add

Gl o [p—— S — Orientation (Pointing, Rotations)

Cob0  BASIC | pascOita Orentaton Postions Planctay Dete Soer -  Can slew entire model by making rotation depend on

-E e 1 — hrMeanAnom (3*hrMeanAnom is 3 rev/orb)

I Tt — Spin allows for fast spin of entire vehicle (not slew like
E:EEE o | e fn in orientation) Specify # of orbit positions, terminators

et Curen — Solar, Albedo, Planet IR (Can be Time or Lat/Long
Calc:a::orb'rtalpeﬁod=55€2235 dependent (A’P Only))

* Orbit is specified under Radiation HeatRate or
Articulating Radks task
* Only one orbit may be the current Orbit

Orbit: Cold_b%0

Basic Ot Orientation  Posttions  Planstary Data  Solar  Albedo IR Planetshine  Fast Spin  Comfg i ¥ e e
= Orbit: Cold_b90
Painting Additional Constraint
Basic Orbit  Orientation  Posttions  Planetary Data Solar | Albedo IF Basic Orbit Orientation Postions Flanetary Data  Solar  Abedo IR Planetshine  Fast Spin - Comment
Puis: |42 v S
@iladi O Nedr @ e Vg Options
[ Differertiste betwsen Dark and Sun Side Input Mode:
O35 OSun Flux: 0.829676 Win"2 .
Walue: WAn"2 (O Temperature (Black Body)
O Star O Star 0.142903 ® Flux
Right Ascension: D Degrees Right Ascension: D Deal  (_) Use Solar Flux vs. Time
Decination D Degrees Deciination D Deg : ! Edit Current Orbit... (O Use Planetshing vs Time Planetshine Coordinate System:
Edit Sola [ifi] Manage Orbits... P E—— Planet Coordinate System
() Velocity vector (®) Velocity vectar i ) Elienctamensmeli e
Display Current Orbit Subsolar { m Sun
Orientation Overmide Addtional Retations By  Orbit Display Preferences... () Use Planetshine vs. Lattude/Longtuds I
- tar
v D ) A%
Sl C— e Fom | - o
Alignto Celestial Coordinate Syst P ] - - ubSolar
[ Alignto Celesiial Cooninste System L Degees  Subtended Angle: |0 View Vehicle > 1 Set Orbit Position/Prefs...
2 b o g Planct North
Color By Albedo W, Mext Position [ Vernal Equi
. €rna UInox
Color By Planetshine : o -
Cancel Help )’.'_ Previous Position @] Ascending Node
Orbit Display Off . .
= Wiew Vehicle Off = n Orbit Normal P
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Visualizing Orbits

Orbit Display Preferences

Orbit Display Options
— What to show (Grid, Planet, Positions, etc)
— Sizes/Colors
e | B Vehicle Display Options (Size, Positions)
ot oo Dot s View From Options (Sun, Star, etc)
Dl e 7ot e Only one orbit may be the Current Orbit
Visible surfaces based on Selected Analysis Group
sty Size/Colrs o T (Defaults to Current)
Solar Shadow Color

Solar Shadow Length:

Visbiity  Size/Colors
Planat

Show Planet

planet radii

View Vehicle In Environment

Solar Reference Line Scale:

Qrbit Path Color Set Color... Maodel Scale Factar:

Heading Line Color Set Color... Center Yehicle About Orbit Coordinate System

todel Translation Factor:

Use Analpsis Group:

Orbit Posttion Scale:

II

B cdit Current Orbit...
. Manage Orbits...
Display Current Orbit
"?/ Orbit Display Preferences...

BASE ~

(O Wiew Wehicle at Position: 12 =

(®) iew Yehicle at Multiple Positions Set Positions...
View From ¥

View Vehicle 3 (O Ariirmnate

Color By Albedo

Color By Planetshine ok |
ak. Cancel Help

Orbit Display Off

Basic: Cold_b45 Group: BASE
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Case Set Manager

e Many Cases can be defined

All Case Setz

Hot_ban
Hot_b75
Hot_b&0
Hot_bd5

W W e w
EE R R
o oD oo oD oo

-l ConnectivityCheck
=-{G] Hot_Cazes

Edit

Change Name or Group
Rename in Place

Copy

Add

Delete

Import
Export
Set Symbols, Aliases,
Close expanded items

Edit always starts on comment page

. Override Databases, Unbuilt Submodels to Global

Manage Caze Sets

e Cases include:
— Radiation Tasks
— TMM parameters (Time,
Solution, Output)
SINDA logic
e o — Symbol and Property Overrides
e Multiple cases may be

selected to run sequentially

Add... Compare...
Copy...
Change Mame/Group...
Delete... Impaort...

Edit.. Expoart.. —

Calc Threads: | <= 1B -1 License ~

iilable for system resources
sed iz limited by the following:

I.-"Th machine haz 12 logical proc:
iable:

e e Cases may be imported,

exported, copied, deleted, etc
e Double Click or Edit to change
properties

£ [unning

[ Riun with lower systemn priority

[ Save SINDAFLUINT work directary
Run.Jobs in Demand Mode ~ - Multiple Cases may be edited at
Batch Settings... O n e ti m e

e Right Click Context Menu
allows for temporary

Duplicate Mode Exceptions...

Madel has 6 Logic Objects

Fun 1 Selected Case

| Save & Exit AutaCaD if
all runz are successful

assignment of Overrides to

Cancel Help

model. Excellent way to verify
CaseSEt is as intended
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Editing 1
Calculations Radiation Tasks Output SINDA Dynamic Initialize Advanced Props  Symbols Comments
Radiation Task and Key Input Parameters Options
Analysis Group Calc Max Rays Error Goal Bj @® Re-use calculated data if valid,
otherwise recalculate
BASE L3 30000 1 Ll
BASE Cold_b30 hr 30000 1
e} Recalculate data (curent
database wil be replaced)
Add rays to dalabase if possible,
O otherwise
(accuracy of cument databass wil
Set Radiation Analysis Data... be refined)
Calc View Factors () Anays reuse data fno testing
Output Area*Fij File perfamed)
Calc Radks From VF
Add OH Calc Radks Ray Trace
Output SINDA/FLUINT Radks
Calc Heating Rates Direct/VF | EI Cancel Help
Job Control ~ Advanced Control Heatrate Output  Spin -~ Trackers Calc Heating Rates Ray Trace
Output SINDA/FLUINT Heatrates
Calculation Type
() Radks Optimize Cells
i Clear Ray Plot
®H Save heatrate receive files for adding rays =ar Ray e

() Aiculating Radks

(O Free Molecular Conduction

(O Articulating Free Molecular Conduction

(O View Factors

() Articulating View Factors

e

Cold_b30

\\

(®) Morte Carlo

Calc

() Progressive Radiosty

Apply Reciprocity To View Factors

Add to Database Name:

[[] Delete Database After Output |s Generated

None

Job Control  Advanced Control  Heats

Defauit

Rays Per Node:

Total Absorbed Error:

Rays Before Initial Error Check:
Energy Cutoff Fraction:

Sources

Solar

Diffuse Sky Solar || Diffuse Sky IR \mse E]

(o)
\ﬁ;‘”“e
&P

Modes
[OF]
Ouist

00
Qﬁa“’o

[ Planetshine

Radiation Analysis Data

rate Output  Spin

Radiation Anal

Job Control  Advanced Control

Oct Cells

Heatrate Output ~ Spin

[0 ]
[ 1=

001

[ albedo

iz Octimeto

calculations:

Subdivision Criteria
Max octree subdivisions:

Target max sufaces per cell

Random Number Seed Control

@) Use unique random number seed at s:aﬂ@lcmatmns
(O Use same random number sea%& e at start of calcy|

(0 Use same random numl

MNodalization SCWES

(®) General ) Specific

Radk Calculation Spectrum - Used for Modeling Lamps

Infrared

Solar

Wavelength Dependent Properties -

sequence at start of even

(O Top/Bottom

RADKS Only

e Multiple radiation tasks may be defined

— Radk, HR, Articulating Radks
e Desktop has some smarts to see if anything
has changed that neccessitates a rerun of
radiation tasks

— Or the user can specify to use files that are
already there

e Properties accessed by Double Clicking or
Properties Button
e May also use Radiation Calculations menu

item

Trackers

Radiation An

Job Control  Advanced Cortrol  Heatrate Output  Spin Trg)

Output Filename:

Sample_Cold_b30r
SAMPLE_HR
LOADQ

[ Combine SAP amays into a sinle aray

Output Submodel:
S/F Starting Anay ID

Output Fomat

[ Outpu as flures
Sources
[ Solar @\ Abeda
Difuse Sk s@ fuse Sky IR Difuse

Output @cker data tofile: |Sample_Hot_b9D.dat

[ Output HR Symbols to SINDA

Radiation Ana

Job Control  Advanced Contral

Radk Output | Spin

Overap

Menesis TN i affer

Load binary file (k_in}for fastest SINDA preprocesser execution

Radk Output Filename

Form Factor Output Filename:
Output Submodel

Iniial Conductor 1D:

Space Node Submodel 1D
Space Node Temperature

List summary f ‘tkept is off by more than

‘Which Radks Output To SINDA

Bi/Fj Cutoff Factor

[[JOutput Bijs Urtil BijSug >
[ Output 1-BjSum t$

o
Consider ALL Racks for Output

[JOutput as Heating Rates

27042 C \

BlSUM.1

Edit

Radiation Analysis Data

Job Control  Advanced Control

Heatrate Output  Spin~ Tr

L

Symbol Name:
Use Equal Incmments
Starting Value: 0
Stop Value: 360
Number of Increments:

inclusive smn\@

User Defined m
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Case Set Manager (SINDA)

Caleulations Radiation Tasks Output SINDA Dynamic Initialize  Advanced Props  Symbols Comments

Processes Soluion Type \
G it Radition: Steady State | Before Transiert (f selected) o

[ Generate Cond/Cap File: [ Hold Tanks constant d State

[ Hold Difusy 0@5 md‘g
&

|cmd,b9ncc ‘

(7}
%”r

Build SINDA Input File:

[cod_bs0irp | Start Time

v
2 Run SINDA Model E@ so
!

Flot clic i 0
o
Post Process SINDA Resuks rametric & 3
Current Time: 6 ] mcko\ Ed...

] Execute Mapping To Stress

Outout File Opion: 6 z axSt d% ations (L
[ Execute Wiite Res: an@ is Sav F\

[ Generate Log File

'r emper g (DRLXCA/ARLXCAY
EEr A d o \ \ sm En ergy Balance: (EBALSA)

La el Energy Balance: (EBALNA)

H ﬂiiiﬁ

e S/F Calculations
— Build/run/post process model

e S/F Output
— What and where to output
e SINDA
— What submodels to build
— Access to all Control variables

Editing 1 Case Set - Cold_b90

Calculations Radiation Tasks Output SINDA Dynamic Intisize Advanced Props  Symbols Comments

Editing 1 Case Set - Cold_b90

Calculations ~ Radistion Tasks Output  SINDA  Dynamic Intislize Advanced Props  Symbols Comments

— May build Cond/Cap using Conduction Calculation menu

— Allow symbols to pass through as SINDA registers
— User generated SINDA logic, data, and parameters
— Included Files

[ Conductors 0 [ Register

0
O\Jmp s PL% o
N MQ\\eéﬁz‘::E‘

Output Submodel:  [EEE = Global S/F Inputs: Please use the logic managerto input submodel based data
Buld OPTIONS® Themal Inputs:
Global Control Text Output Output for Color Postprocessing and XY Plots Submodels %%gm%{'
Themal Output Increment s Outpus Flename: Save Fie: OPERATIONS
OTHER
Fluid Output Incremert: |0 s [Cold_p30aut | [Cold_b3Dsav
Temperatures Al for Steady State/End of Transient
[JNode Summary A
Text Output Save Output
[ Incident Heat Control A Temperatures \a Control..
[]Capacttance [ Incident Q <
[ Register Summary \,(’ O \$
[JHeat Map 0 @n ductors

Lump Ifo
Flowrates

Tie Info

Data must be saved at alltime points 0 be XY
Plotted. Re: gst rs need to be a\ \HmED nl as well

Set INSERT E
Directories

Insert
Filenames:

{One Per Line)
Drag And Drop
Enabled

L \
Forhestates, ks o BCM e th E - ot in the SINDA input directory, please add their path to
e e ST brecincs B tae

\ Cancel Help

Set Cond/Cap Parameters
Qukput SINDAFLUINT Cond/Cap
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Case Set Manager (Overrides)

a3 e Initialize
Caloulations Radiation Tasks Output SINDA Dynamic  Initisize | Advanced Frops  Symbols Comments _ Set Initial Conditions

Set Initial Temperatures and Register Values

A &6 e Advanced

— ’8"0 — Where to store files for run

Set the LOADTH&SM on the SAVE file name ~ . P ro p S
«0((‘ — Override property aliases or databases

et o 2 e Symbols
\{\\\ — Override default symbol values
06 S — Great place to define power, setpoint, thickness, or
\,0 any other uncertain parameter specific to case
. e Comments tab also exists
— Very useful for documentation that stays with model
(change log, how to use, etc)

Editing 1 Case Set - Cold_b90

Calculations Radiation Tasks Output SINDA Dynamic  Intialize  Advanced Props  Symbols  Comments

Global Symbel List ~ Overmde List:

Symbol  /  Ovemde\ / Global  /  Description Editing 1 Case Set - Cold_bS0
hrBetaAngle ~ Hot_Case o‘n “1'ro Surv, Dfor Cold, 1
hrEccen Lock_Amay_b30 1] 11 Locking to prevent t Calculations Radiation Tasks Output  SINDA  Dynamic  Initidlize  Advanced FProps =
hrlllum Power_Scale 1 Power Growth Factorfor R... Editing 1 Case Set - Cold_b90
hrMe‘_anﬁnom Optical Properties
hrPeriod Calculations  Radistion Tasks Output SINDA Dynamic Intisize Advanced Props  Symbols Coy @s
hrPeriodSec S A
hrPlanstX \\' \ Xe)
hrPlanet — ,
hrPlanetZ 60 ] Overide cument database Browse oQ IR ssr efived Diseian S \'\
hrPos 0
hrShadow Entry K ‘ Directony ‘\ Q
FrShadow Ext <) Flenans (o) 9 N\ K\ o
hrSpeed . 6@

O
e QT QN 0%:%° O NI
EEEEE 6 \e % Themophysical Properties 0‘®s‘ ( O‘ Compier/Linker Option Addiion: \o‘ \\°$

:g::sm Q e‘ \6 Alias « & Compiler Addiion \
::%::ghadgwsmws a‘b\\) o$ ‘\(\ Civeride gir basa\\@ vg( 0% Linker Ad <
e d® R e 3 ?~ '\ P N

hrielocity Y % Q ° \ \
e s ¢

Q_Comp_A Stack Manager oée Qo

«<°
e 6 e ° . ?o“‘

Q_Comp_B /
Q_Comp_C ¥ Alias
Qg ¢ 2 <0

Drive Symbols From Excel
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Logic

Manager

=7 1. CDMP H- vanablesﬂ User FORTRAN Code - Edipse/InSun Dissipation for Component H

—:ﬂ 2. COMP_K - variablesd - User FORTRAM Code - Component K and L dissipation profiles
=1 3. SOLAR_PAMELS - QUTPUT - User FORTRAN Code
=1 4, GLOBAL - SUBROUTIME - User FORTRAMN Code
=31 5, GLOBAL - TDFREB BT 5 Array...
""" =7 &. GLOBAL - TDPOST PID Controller
Import
EXpor User Text Input HEADER/SUBROUTINE

Meotion...

Close All Expanded Groups

Data Logger Compare
9 COMPLOYWAVLIM

Convergence Waivers

|

(COMMON blocks, INTEGER, REAL)

PID Controller 1

e [tems in Logic Manager are included in all
cases in Case Set Manager

e User may create

Interpolation (1 or 2 independent vars)

PID controller

— SINDA logic blocks (VAR1, VARO, etc)

e Submodel where logic is to be placed is
specified as well as which submodel logic
block

Additional blocks included for before BUILD,

after BUILD, and after run

Array Interpolation X

PID Controller Gain Constants Control Variable Output (CV)

\Y%

Enabled for Cond/Cap Cales... Symbol Manager. Enabled for Cand/Cap Cals... Symbol Manager...
Comment: | Comment: | ] Pre Logic
i Seadyiae P
ElRunin Stzady =< hiZiag s Submodel: | Before all thermal submodels ] Post Logic
[ARun in Transient [Discrete Interval Controller  Discrete Inferval Timestep: 0
SHESULIERE UM N Interpolation performed in:  Iteration Dependent (Variables 1) ~ [ Limit time step at input tme paints
Submodel: | After al thermal submodels
Setpoint (5°) Process Variable Input (PY) Independent Variable Input Cutput Variable
Re
(@ Register ORegister @ Time =
‘ v| e‘ (O Register
Multiplier *\a jon Output
() User Text Input ©Usar're’& (=T o
(v (O User Text Input
\t (\
Setpoint Units Type: DIMENSIONLESS v OQ b S o
N
(@) —

X Id:

o

E=5p-PY Q [ v e [nterpn\anun

CV = Gp™E +Gi * SUM(E™dt) +Gd = (dE/dt) [ ] CV Units Type: DIMENSIONLESS ~ e T g\ \ yctal with Linear Interpolation

) - - 0 o 'O Cytiical with Parabolic Interpolation

Proportonal Gain Term (Gp): D B Prevent Integral Windup Limit GV OutputRange pres 6\ \ wors [0 ;

Integral Gain Term (G R W Lower Limit: Dependent Array Urits (Y): ~ (O Paraboic Interpolation

oifeemsaGonTem @ 1 o DIMENSIONLESS v O Lagrangian Interpolation

Order of Interpalation; | 3
Edit (O step Interpolation
Cancel Help

Cancel Help
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Running Case(s)

Case Set Manager

e “ o Radiation tasks are run first (if not using old data)

: — Names of output files included as INSERT statements

Change Name/Group

C:

- = e Conduction is generated next, followed by top level SINDA

Cold_bon

.
Surv_Cases
RladCAD Calculation Thieads

o © - ¢ SINDA s then called and the model is run
Results are loaded from Sav file and color contour plot is
displayed
Radiation Tasks faster on Multi-Core machines
— — SINDA still a single threaded application

Allow &l Duplicate Nodes in Madel ~

— 2 Cases may run faster to only build SINDA and run external to
Thermal Desktop in separate directories

Save & ExitAutaCAD if
D0 3 i e sucesestul Canoed Help

[ Riun with lower system priorty

[ 5 ave SINDA/FLUINT work diectory

Run 1 Selected Case

Editing 1 Case Set - Cold_b%0 X Editing 1 Case Set - Cold_b%0

. Calouiations Radiation Tasks Output SINDA Dynamic intisize Advanced Props  Symbols Comments
Calculations Radiation Tasks  Output  SINDA Dynamic  Initialize Advanced Props  Symbols Comments

P Soluton Type
Radiation Task and Key Input Parameters Options iculate Fadiatior: [ Stcady State Before Transient (F selected) v
Analysis Group Orbit Cale Max Rays Ermor Goal Bii ® Re-use calculated data ff valid, [ Generate Cond/Cap Fike: [JHold Tanks constant during Steady State
otherwise recalculate
BASE k 30000 1 o [Cold bsDe ] [ Hold Difusion nodes constant durng Steady State:
BASE Cold_b30 hr 30000 1
o Recalculate data (cument Buid SINDA Input File: A Transiert
databass wil be replaced) [eobo0m ] SotTme [0 s
Run SINDA Model EndTme: (222489 |5
dd rays to database if possible, ot Do -
otherwise recalculate
{accuracy of curent database wil Fost Process SINDA Resuits [1Parametic £t
be refined)
Curert Time v [Dkiker Edt
Always reuse data (no testing [ABxeeuts Mspping To Stress
Opa fomed) Convergence Criefia
Output Fie Optors: | None < Max Steady State herations (NLOOPS):
[ Execute Wite Results Datato Textforthis Save Fie Max Transient ferations (NLOOPT):

[ Generate Log e M Temperaiure Change (DRLXCA/ARLXCA):
(Cold_b90iog System Level Energy Balance: (EBALSA)
Nodal Level Energy Balance: (EBALNA) o
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Files Created

e Radiation
— Calcualtion Folders : rch/rck
— Radk output: .k, .k_in (and maybe .kl, .ka, and .kb for Articulating Radks)
— Radk info: .xIs (Nodal area, emis, Bij sum, Bij self, Bij inactive, Error)
— HeatRate output: .hra, .hrl, .hra_bin
— HeatRate info : DirectincidentSolarFlux, ReflectedAbsorbed, DirectAbsorbed, TotalAbsorbed,
TotalAbsorbedPercentError, OPS (Node/Property/Surfaces relations), .ar (nodal areas)

e SINDA Input Files
— CondCap - (Nodes, Conductors, Heatloads, Heaters, etc) : .cc
— SINDA input file : .inp
e SINDA Output Files
— Preprocessor output file : pp.out
— Compiler log file : Messages.log
— SINDA execution messages file : Messages.txt
_ ASCll output file : .out BOLD files are the
— Binary output file : .sav (or CSR folder)
— Needed for HeatFlows (I think) : .savpcs
e General
— Log file from ThermalDektop : ./log
List of nodes/objects that are disabled : Disabled.log
Mass Calculations : Mass_submodel.txt, mass_node.csv
Node Duplicates : DuplicateNodes.txt
Overlapping Surface Check : CheckOverlappingSurfaces.log
ContactorData, MapData folders : files for contactor and FEM mapping files

most important
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Post Processing

Edit Current Dataset.. * As with multiple Case Sets, multiple

MEHEQE Datasets File Edit Statistics Window Help

Results sets may also be stored in NI ET T ELT

Display Current Dataset... B ot p30mu [E=R (R~

Edit Layout ColorBar/Viewports... DeSktOp; Wlth on Iy one current T T————r— e

EHEESEE

27.3 > VA VAVl U AVAV.anl. V. N
Cycle Color Bars e Numerous Data Types may be imported | = || &

Plot Merged Nodes (sav, text, radk, heat rates, etc) e
Cutting Plane — Timestep selected for Contour plots £
Color Next Time — Compare DataSet option RS N e

Temperature,

- -28.8
M Color Previous Time e EZ-XY Scatter plots for selected objects
- p J 29
- -29.1
E Anirate Through Time 292
-29.3
Postprocessing Datasets X -29.4
- 1] 5,000 10,000 15,000 20,000
W] Next Time and View i Doto et S 0300 2
- . ConnectivityCheck.sav Add New
E Previous Time and View Hot betssv
Hal_b75 sav Post Processing Data Set Source Selection St Cunent
Hot_bED.sav @5 ; TP 5 |
Hot_bd5. Chstprocessing setnames: '0st Process
[= X-¥ Plot Data vs. Time Hot bl sar Dekte
Hot_b00.sav () Create name from input file — 3
| . . Cold_ban saw Rename Set Sinda Dataset Properties
{5 X-¥ Plot Pipe Temp vs. Distance Caid b5 sav
Cald_bE0.zav Data Source o
Cold_b45 sav Edit Temperature (1) v Lumps: |Temperature (TL) v
7
QLI Er}f N Dd e Eglaué?g i:: (®) SINDA/FLUINT Compressed Solution Results (CSR) Directory or Save File 8- 002003+ 1T — A e — = =
Cold_bDilsav OTestFie Sioouoss  ieoiss
- = Surv_ba0.sav 1200000000 181084 [JShew Conductor/Contactor Temperatura Diff fes: |Tie Heat Race (QT1E) -
e s et moele || ispimn: g - i
Sury_bEQ.sav 2100.000090 Losome FTies: | FTie Heat Rate (QF) v
Surv_b45 sav Move Down 2400.000000 183750
|NK FFDFI"I RESLIHIS Sure b30.sav (O Radks 2700000000 184414 IFaces: |Inertia [EY) v
5 Sure_b30say
FLOW From Resul CITNHETH | Oronfosor = E
rom Resu ts Impart 2200.002000 187070
{l (O Heating Fates :;;;;;;EE; i:;;:; [Oznvironment [Jsmare Coler 2ar Cycling
Export 4200000000 Lesoez [JLink Lump To Node Colorbar for Temperatures
Analyze Heaters From Results — — B st
5700.000000 151054 0
- Commert (O Compare Data Sets ::gggggzzg iiiléf
Write Results to Text [~
) Heat Flux Betwesn Nodes €900.000000 153712 Last - Fi
. (O Heat Flow Map Between Submadels 7%00.000000 158710
Post Processing Off P
Cancel Help Ge0nmoome  lsdase ¥
Zoom Paper Space < >
Reset Color Bars and PP Viewports L=
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Post Processing

it Current Datacet.. e Query Nodes for info on user selected nodes
Manage Datascts... e Color bar options (location, scale, divisions)

Command: _RcQueryNode

EHEENE

Display Current Dataset... — Note that user specified settings may still apply 35 i for post processine cate query or [oore
Edit Layout ColorBar/Viewports... when showing o,E gg;ﬁ; }2;‘;’::9

e » Contour Animations or manually step oo oy 27

Plot Merged Nodes through time EE

S — Can display from orbital viewpoint for selected  vin soou.ssas 2535

Color Next Time timesteps as well (e.g. from Sun) — Note, this may Tete -130.515

Colar Previous Time Auto update model browser from command: RCQUERYNODE

only work well over first orbit (Time for

Animate Th hTi . .
pimete Thienan fime subsequent orbits > period)

Mext Time and View

Er @F BN

Substrate nodes Edit Color Bars and Viewports on Layout: Layout]
Previous Time and View
Mode wp
K=Y Plot Data vs. Time Shading Tzt c.S'S.EL?
. - Scale Type ® Color (O Grey > Max Label:
XY Plot Pipe Temp vs. Distance | |
Num. Shades 10 | < Min | Label Position O Top @ Botton () Side Delete
Quer_l‘r Mode Colorbar..
j— e 74 Label Justify: @) Left (O Right
Data Range
I— ientati Al P dicul
26 61 Ao Geclig On - Program Calculates Vishble MinfMax Number Denision: - QAlong @ Perpendicier Bl
. Append dataset informatan ta label (time type, ] Vigwport.
—— 16 49 hin Drata Value: -44.227478 -
User Defined
Values [ Show File Mame
o 374 Max Data Value: 56.975791 Delete
_— —— 1 Viewport
- — [JUse Log Scale Filter Objects Below Min or Above Max Sttt D
1 -13.87
Wisible [ Track freas
-23.99 (@) &ctive for all viewports that do nat have a color bar assigned ta them [ Track Valumes
-34. 11 () tactive for specified viewports [ Show Areas / Yolumes as Percentage Help
_a4.23 Add [(] Disable Data Yalue Display
Delete. Label Tppe of Nodes in Viewpart
Temperature [C], Time = 0 s, Steady State, Loopct=30/1000
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Post Processing

A-¥ Plot Data vs. Time

A-Y Plot Pipe Termnp vs. Distance
Query Node

Find Results Max Min

TSINK From Results

QFLOW From Results

Analyze Heaters From Results
Write Results to Text

¢ Find Max Min

— Allow search over multiple sav files for Min and Max; results listed at
submodel level, integrated submodel, or node level

e TSINK from results
— Specify regions of interest and regions of exclusion

e QFLOW from results — (May be easier to do in Model Browser)
— Specify to and From regions

e Analyze Heaters from Results
e Write SAV file results to Text file for further manipulation

[First time paint only

Output File Extension: s ~

Calculate Cancel Help

Enter TSINK Nodes Enter Exduded Nodes/Submodels: From Node andor Submodels, [] § = ALL To Node andor Submodels, [] § =, ALL

Domain: pomaivs: .\ |Domaws . Domans
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PURPOSE

This section is meant to be an overview of the model building process

It is based on typical techniques (Monte Carlo Ray Tracing for radiation exchange,
Lumped Parameter, Finite Difference for thermal solution) used by the aerospace
industry

This is not intended to be a “How to Use Thermal Desktop” section, but more of a
“How to Build Thermal Models” section and the techniques will be demonstrated

using the capabilities of Thermal Desktop. Other codes may or may not have similar
capabilities...

The General Model Building Process can be broken into four top level steps:
1. Build Model

2. Check Model
3. Execute Model

4. Verify Results — This section will be covered near the end
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BUILD MODEL: General Model Building Process

. Define ThermoOptical and ThermoPhysical Properties
. Get CAD from Mechanical Designer — STEP format preferred, make sure it is solids and not only
surfaces
Process CAD into layers for controlling visibility
. Build and define each CAD component
Geometric Surfaces, Nodes, Elements (Plate, Solid) — Add Comments to help
For Solid Element geometry, apply surface coat of zero thickness plates
Determine Node Subdivisions and Edge vs. Centroid Nodalization
Merge Nodes
Assign Node Numbers and Submodels
Assign Material and Thickness (Orienters for Solid Elements)
Assign Active Sides, Optical Properties, and Radiation Analysis Groups
Assign MLI
. Determine Variable Parameters
Add Symbols (Thickness, Power, Multipliers, IF Values, etc) and assign to geometry if needed
. Accommodate Moving Geometry
Define Assemblies and/or Trackers and Assign Geometry (Include nodes to move FE)
. Establish Model Connectivity
Add Contactors between surfaces/edges at interfaces
Add Conductors between nodes/surfaces
. Establish Boundary Conditions
Add and Define Heat Loads
Add and Define Heaters
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BUILD MODEL: Define ThermoPhysical and
ThermoOptical Properties

Edit Optical Properti

operly Dalabase:

il model from 2015 for ume!

Athermal deskiop modshrcoplios o

New propsrty to add: | Add
Nar Solar Absarptiity IR Emissivity ve
Ofemiss 1.000 0100 10000
AgFep 0130 0740 017
Black_Anod 1.000 0780 1.282
BlackPaintZ306 0340 0300 1.084
GBK 0640 0740 0668
M55 0330 0740 1.257
Soler_Cel 0510 0810 1123
293 White_Paint 0.160 0320 0174
233 wihitePairt 0.200 060 0227

Edt Dol Copy R
0k | [ Coneal | [ Hep |

Edit Optical Property - BlackPaintZ306

=

Comment:

et Color,

Use Propettes: | Basic Props for Riadks

and Heat Rate Caloulations

9

sic
Solar
Absorptiity 09¢ EdiTable | [Ivs ange [TV Temperatue
Transrissi iy 0 [F1vs. Ande
Speculaity 0 [E1¥s. Angle
Tiansmissive Specula: 0 [C]¥s Argle
Refractive Indices Ratio: 1
Infrared
Emissivity 09 EdiTable. | [I¥s Angle [V Temperatue
Transrissiviy 0 [s gl
Speculaity: 0 [E]¥s. Angle
Transrissive Speculaiy: 0 [Js. Andes
Refractive Indices Fitio: 1
ok | [ Camcel | [ Hem

» Add ThermoOptical Properties:

NN N NN

Open/Create Property Database

Add Property and Specify Name
Define oo and ¢

Include comment/source

Repeat until all properties added...
Repeat for EOL or other cases

Can import from other models

Define any Property Aliases that may
be used (e.g. Radiator_Coating). Use
ALIAS _ as prefix

» Add ThermoPhysical Properties:

v
v
v

v
v

Open/Create Property Database
Add Property and Specify Name
Define p, C,,, and k (or k,, ki, k,)

v" For MLI, define ¢*

v" For PCM, define FUSION
Can import from other models
For MLI, recommend using p of 0.6
kg/m3and k and C, of 0. For MLI
assignments, define thickness for MLI
as1.0m

v This will allow mass of MLI to be

estimated based on 0.6 kg/m?

Define any Property Aliases that may
be used (e.g. Panel_Material). Use
ALIAS _ as prefix

Edit Thermophysical Properties ==
Cunent Themophysical Froperty Database:
wersion 1\thermal model from 2015 for hume'themal desktop modeldthemo.tdp
New propeity to add: | Add
Name Cond [w//m/C] Dens [kg/m™3] Cp [JAkg/C] Eff Emiss Type
AIB0B1-T6 167 2700 836
A4l 7O076-T7351 165 2810 860
AL_BOBT_TB_Core_31pcf 13685 485041 900
APG a6g 2700 36
Copper 385.827 8960 385
&"nom 0 08 0 002
10 029 1500 600
K1100 500 1 1
MBS 3® 183311 800
Shairless Sterl " amn ana
o) [ Concel | [ Hee |
Edit Thermophysical Property - Al 6061-T6 ==
Property;  AIG061TS
Comment: B
Use Properties: Basic Properties for Material =
Basic
Conductivity [W/m/c]
K 67 (] use Table [Fuse Pressure Scale: 1
1 EditTable. Use Table Presaure Use P 1
1 Edit Toble... Use Table Pressure... Use P 1
@ Iotropic
*) Anisotropic
SpedficHeat Dka/c]
@ 8% EditTable.,, | [CUse Table [Fuse Fusion
Density ka/m*3]
rho 2700 Scal 1
Effective emissivity
estar 0 {used for insulation and core)
Recession
[T Allow Recession
-273.15 RateEqn... Use Rate Eqn.
llow complet
=
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BUILD MODEL: Importing CAD

*To import a STEP file:

. . R . . & Import File ==

v Type import, select file, and wait for notification T JEBAXEA Yo o -
in bottom right _| Sensor_block_v2 STEP 8/29/201712:03PM  STEP File

. . = Fie mams: o= H

v Type burst and type ALL when selecting objects e ==

(this will explode only blocks into constituent
parts). Repeat until no objects are found.
v" Alternatively, could use explode and filter to
only select blocks but more tedious
v' At this point, everything should be a 3DSOLID :
or non-block entity type —
v’ Create layers for all the components for the
design (layer)
v" All Solids can now be placed on layers and have
colors changed to help with visibility control o=

o | Correntlayer: y Q
=% P 28

£2 Filters «|| 5. Name 0. Fre.. L. Color Linetype  Linewei.. Trans.. PlotStyle  P.. MewVPFreeze  Descri

v’ Solids can also be copied and sliced (slice) to = A PE e
take measurements and “see” what is inside I

v Can select properties for block and set
transparency or control transparency by layer

i} Layer Properties Manager
4
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BUILD MODEL: Working with CAD

* Many functions help with using CAD:
v' ZOOM: enlarge and shrink image on screen
v' 3DFORBIT: rotate image in screen
v" OSNAP: allow user to select midpoint, endpoint, quadrant, intersection,
node, center, perpendicular, nearest
UCS: define 2D working plane
PROPERTIES: change layer, color and linetype for selected objects
LAYER: allow visibility, color, linetype changes for specific layers
LINE: create line segment
DIVIDE: create N points along line segment
FILLET: connect two, non parallel lines
MOVE: translate geometry
COPY: copy geometry within drawing
ARRAYCLASSIC: create copies or an object as array (rectangular or polar)
ERASE: remove object from drawing database
DIST: measure distance and angle between two points
MEASUREGEOM: get volume of solid CAD
EXPLODE/BURST: convert assembly into selectable constituent parts
SLICE: cut solid objects by slicing plane
ROTATES3D: rotate geometry about specified axis by specified angle
v MIRRORS3D: create object that is mirror image of selected object about specified plane
v" 3DALIGN: align geometry based on 3 points in reference frame and destination frame
v" ORTHO: toggle if second point is orthogonal (along X or Y) to first point
v FILTER: allow removal or inclusion of selection objects based on properties

AN YV N N N U N N U N N
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Most models represent 3D CAD with 2D simplifications

The representations include additional properties that make them

thermal

— ThermoOptical properties and radiatively active sides

— ThermoPhysical properties and thickness

— Node assignments and subdivision

— The node assignments form the basis for a network thermal model
which is used to compute temperatures and heater powers. It is
the link between the geometric and thermal models.

Some surface shapes follow naturally occurring geometry

— Rectangle, Cylinder, Disk, Cone, Triangle, Sphere, Paraboloid, etc.

Other 2D shapes do not conform to simple geometry

— For these, the use of finite elements is recommended, which
allows a user to more closely match CAD geometry

Sometimes, it is necessary to model heat flows as three-dimensional

— Solid Primitives (Box, Disc/Cylinder, Sphere, Cone) exist which
provide the same properties as their 2D counterparts, but allow for
a network based on 3D subdivision

— For more complex shapes, 3D finite elements (Tetrahedron,
Wedge, Brick, and Pyramid) are available. Note that these do not
include radiation properties...
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BUILD MODEL: Meshing Geometry
(Nodal Discretization)

. Edge
* Use of Edge Nodes recommended over centroid nodes NOO?

v Centroid and edge nodes both account for conduction within a single

surface Merged Edge

v' Edge nodes move nodes to edges of each sub-surface instead of nodes provide
centroid conduction
across this

v Edge nodes that are merged allow conduction between surfaces via
the shared edge nodes

v Use of finite elements allows for more complex shapes to be modeled

v" Building elements by hand not as time consuming as may be thought
» Define nodes first by placing user nodes at location on CAD

geometry
» Define element by selecting nodes in right hand rule order to define ceg
“top side”

v Solid elements can also be defined and allow non-isotropic properties
» Manually define by selecting nodes (one face then the opposite)
» OR Revolve/Extrude Plate elements

v Benefit of elements is ability to move nodes to desired locations

v Elements cannot be moved...Elements defined by nodes...Move
the nodes instead

v" Define surfaces as either edge Node or centroid node

v Shell coat solid elements Nodes can be moved

v' Merge nodes to “good” locations

v" Assign rest of properties...

* Extremely important!!!!

interface

[ Centroid Thermal

nodes do
not

[
Thermal
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Finite Elements are a powerful tool, but can be more difficult to work with than primitive surfaces
Elements cannot be double sided and the node numbers are not able to be changed by the element.
You can change the node number of the node itself and any elements that reference it will be
updated, but you cannot change a node number from the element properties like you can for a
primitive surface.

Element shapes are defined by the nodes. Move a node to a different location and the shape
changes.

Material Orienter may be needed for solid element to define axes for anisotropic material property
Options exist under Modeling Tools that are useful for working with elements

Refine Elements: subdivides elements to convert a quad element into 4 quads based on the midpoint of each edge.
Similarly this can be applied to triangular elements and creates 4 tri elements.

Reverse Connectivity: At times, the top side of an element is defined incorrectly. The connectivity can be reversed to
switch the top and bottom sides.

Shift Connectivity: If using edge contactors with elements, it often assigns the first, second, etc. edge for making contact.
The marker is displayed along the specified edge(s). However, instead of having to guess which edge is the first, the
connectivity can be shifted to redefine the first edge. The marker will visible shift and this command should be repeated for
each element until the markers line up along the desired location.

Convert FD to FE: Elements cannot be subdivided. A rectangle defined with edge nodes can be converted to elements
(FD/FEM Network), but a 3x5 edge node breakdown become 8 individual elements.

Options also exist under FD/FEM Network that are useful for working with elements

Extrude/Revolve Planar Elements: You can extrude a set of planar element along a line or revolve around an axis to
define 3D elements. The number of elements along the extrusion can also be specified.

Surface Coat: Solid elements do not radiate and cannot be used with a contactor. Therefore, to use these features, a
plate element of zero thickness is needed. Surface Coating created zero thickness plate elements on all free faces of a
group of solid elements. Free faces are defined as faces that are not shared between elements.
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BUILD MODEL: Nodal Distribution
(Model Fidelity)

Common question: How many nodes should | use?

The answer depends on the design...

— Thick, high conductivity material structure...fewer nodes

— Thin OR low conductivity structure...some nodes

— Thin AND low conductivity structure...many nodes

Decide as an analyst your maximum allowable temperature between two nodes. (0.5 K, 2 K, 5 K? and

where)

v If two nodes are very close in temperature, they can be merged/eliminated

v If two nodes are very far apart in temperature, you may need more in between

v' Do not force two nodes to be at nearly the same temperature with a very high coupling...merge instead

If conduction is...

v Mostly 1D, consider only discretizing in one direction (along strut, bar, or heatpipe)

v'Mostly 2D and planar (e.g. thin panel), you should discretize in two directions

v Mostly 2D and non planar (cylinder, cone), consider uneven loading from environment or radiation when
deciding on circumferential discretization

v Mostly 3D, use solids or solid FE

Often it also comes down to a matter of convenience for modeling conduction across an interface

After you have run your model for the first time, investigate if the gradients warrant more or fewer nodes

— Best to stay with surfaces and edge nodes if possible while determining this.

- It is easy to renodalize a surface; it is far more difficult to remesh elements (unless you use the TD or
other mesher)

— Can Refine Mesh in TD which makes an FE Tri into 3 Tris and a Quad into 4 Quads...cannot go back
though (other than using UNDO)
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BUILD MODEL: Assigning Properties

Thin Shell Data Thin Shell Data

 Once surfaces/solids are geometrically defined, remaining | s s s e e immals. | s oo s s oo stn] 35
properties need to be defined in Thermal Desktop —— m :

Translation Y: 0 m X Max: m
v' Subdivision*: X,Y,Z breakdown and subdivision, Edge vs. - e T : "
C e nt ro i d Rotation 2 0 Subr.fwwsmn Numbering | Radiation Vl:.und/Cap | C.zmlad | Insuiation
v' Numbering*: Submodel and Node Numbers (multiple submodels i
allowed) ow lem

v Radiation: Active Sides, ThermoOptical Properties, Overrides
v Active sides defined for each Radiation Group

v' Cond/Cap: ThermoPhysical Material, Thickness

v" Insulation: Top and Bottom Sides, Insulation Material, Overrides

v Contact: Do Not Use

. . Thin Shell Data s
v *. m mm
u a C e . I e n S I O n S 5 O e n [[Subcivisien [ Numbering | Radiation | Cond/Cap | Cartact [ Insulation [ St
/ ) Generate Cond/Cap
Comment for Finite Elements (not Sur 1806) T — =t TS L
J 7',, /R t . A ‘t H l r t t‘ tr / t H Gen Nodes Based on materal property ¥
ans/Rot: Additional rotations and translations i —
A 606176 - 0002032
* These properties not applicable to finite elements
p p p p DEFAULT 0001
Thin Shell Data = Thin Shell Data = Thin Shell Data =
iation | Cond/Cap [ Contact [ Insulation [ Surtace [ Trans/Rot Stbdivision | Numbering | Radiation | Cond,/Cap | Contact | Insulation | Surface | Trans/Rot ‘Subdivision | Numbering | Radiation | Cond/Cap | Cortact | Insuiation | Surface | Trans/Rot |
Anaysis Group Name, Active Side Optical Properties for Radiation Caleuiztions CpdsiiisE (7] 9Pt onbetorvinse [ 7]
BASE __both T
Not Used Ooivs o Top/out 793P _WintePairt . Top/Out Sde Meteral/Thickness Bottom/In Side Materal
— ® Single Matera © Single Material
) Botom/in:  M55J
Mateick  [som Materal:  &"om
© Lse SartID: (3001 @ Satid: |1 Top Sidz Ovemdes Battom Sids Ovemdzs Numerof Nodes: (1 Trickness: 0 n Numberof Nodes: 1
© Use Lia: Use Lst Muliple Materias (Stack) © Mot Materas (Stack)
\TAI ‘;‘ Stack: DEFAULT Stack  [DEFAULT
Fros Molecuar Conduction Aocommodation Cocf fram Emissiiy Top/Out Side Node Numbering/Creation Bottom/n Side Node Numbering/Creation
® Offse Node [D's by: (100000 © Offset Node IDsby: 200000
Top/Out DEFAULT
Use new submodel:  Use new submodet
Botom/in:  DEFAULT i i
CaloType:  [Based on materil property Caic Type: [Based an materal propery.
nitTemp [20 C nt Temp: 20 c
Nete 1: Insuiation canductors a assumed constant area. Area changes dus to changing radus are net accounted for. Al ingar calculations are KAV
Note 2 Optical Propertes of the Insulatin are set an the: Radiion Tab.
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BUILD MODEL: Node Numbering

Each node is an independent calculation point in SINDA

v Use duplicate numbers if you intend for the temperatures to be the same (e.g. @ I/F) [ Merge oincdent Nodes =
If node numbers are duplicated and nearly coincident, best to merge them into single node entity .. .. . s .
Use submodels for organization to identify component associations (e.g. Opt_Bench, Scan_Mir, _

Mode to Keep: [Fnst Selected v]
FPA) ——
v Too many submodels gets cumbersome in the ModelBrowser...don’t go overboard
But what node numbers should be used? Erester ettt Mo
- Good practice to number nodes according to their location within an assembly e E————
v Best to kgep MLI.offset at 100000 for. one side and 1000OOIZOOQOO for both T R |
v Number first portion of a component in the 1xxx range, the next in 2xxx, and so on... oF A | [ corre e -

I CGLRAD_SUPPORT
O 1002 CGISUPPORT_MOUNT
© 1003 CGISUPPORT_MOUNT_MLI
0 1004 | B COLL_BENCH
0 1005 JEH] COLL.BENCH_BIP
o 1005 | COLL_BENCH_MLI
Q 1007 i COLL_BENCH_ML2
O 1008 COLL_F1
O 1009 | COLL_F2
O 1011 COLL_MIRRROR
10 1012 | JBH] COLL.M_SPRT
0 1013 | JEH] COLLTERT_MIRR \,

QO 1014 COLL_TERT_MIRR_L&R

— Could start with 1xxxx range, but run out of “blocks” sooner before the 100000 range

- If you have more than 1000 nodes in a component either skip ranges (e.g. 1000-2999, 3000
3999, 4000-4999, etc) or use a block of 10000 for the entire component

Why bother? Why not just renumber everything and let TD display the contours?

- Helpful for navigating model to have ranges...If 1000-1999 is the motor shaft, can turn its

visibility on and off in the ModelBrowser by selecting that range §: MQ}
— Helpful for post processing...if all 100000 nodes are MLI, can likely ignore their temperatureg :Siﬂii: : EEE:?L”[ELDB AN
If 1000-1999 is the motor shaft, can apply limits to those nodes knowing what they represen{ 1=oxe1 g;:m@ §3

Q0 1024 I

15H)
Q) 1025 N
&

- Helpful for documentation...likely you will not be the last user of a model. The next person

Illllllllllllllllllllt-—_-—--_--_-

1026 | i)
who picks it up and has to work with it will have an easier time learning the model if it is H%LI M lps-Pws |
organized. — = §
To propagate numbering scheme in Z direction... | @ e o . ooy 5
v Renumber all nodes to 100000 o S
v Renumber first layer of nodes to 1000 e g \‘;’_s
v Copy 15t layer of nodes in z over top of 2™ |ayersss memst o e e nmter Daonn _
v' Merge nodes and keep Smallest Node ID ) (o ] e Rigos || [E5 mree
v Renumber with Add Increment checked i i —
v Repeat

A few minutes to organize node numbers can save many minutes during postprocessing
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BUILD MODEL: Radiation Groups

* While ThermoOptical properties are specified for a surface, it does not | Reistienanabsis Group Manag =
necessarily mean that the surface participates in the radiative ﬁ'ﬁ%ﬁ’é fd Remove
Ca|CU|at|OnS :EEEH Fename

INT_'wFI_IFM

Capy

+ Radiation Groups define collections of surfaces (i.e. enclosures). Only | W e = e
one Radiation Group is considered at a time during calculations

» For each Radiation Group, participation in calculations (activity) can be
specified -

» Multiple Radiation Groups can be used to define different configurations o o o e i O Pt asn G

« Radiation groups can be OR merged (If Top is active in on and Bottom is || i R :
active in the other, OR merging makes Both sides active) NS Ees

» They can also be copied to spawn a different configuration which may be =
used for changes in the geometry such as use of different instrument et o
models or removal of a cover o ;

v Define the Radiation Groups before assigning activity )

v’ For each surface, assign whether the top side, bottom side, both sides, or
neither side participate in the solution. Additionally, Not in Group can be =
used for surfaces that should be excluded completely from calculations. — T

» Active None vs. Not in Group: Active none will still reflect and absorb e =
energy; it just won’t be tallied for the surface. Not in Group: surface is not v 5
even there.

v Once activity is assigned, visualize using Model Checks-Display Active
Sides. This will be for a specified Radiation Group. Colors indicate
activity: Yellow ( (Both Sides), Green (Visible Side), Light Blue (Not
Visible Side), Dark Blue (Neither Side), Red (Not in Group).

v’ Be sure to check activity for every group that will be used in
calculations...

Copy Selected

tderge

Bottom/In DEFAULT -

/o4 [ Top Side Overrdes Botiom Side Overides

©) Active Sides for Tag: CGI_MAP_CAM_ELEC

Display

©) Arows

© Colorsides only

Suface Selection

Prompt forsubset of surfacess

© Use sl surfaces
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BUILD MODEL: Controlling Visibility

20 =15} Drafting & Annotation <%

» Seldom is it useful to display the entire model. Most often, only R L S P e e

one part of the model is being updated at a time List Edit Display Options Help Blc ol 2 5 iy -
« Visibility control allow only parts of the model to be show. Three |¥IR&EECIAEFELII - B 85 Dk bt

0 BUS Deck-Top
I BUS_ HeatPipes
1 BUS_HGAS

0 BUS_ MidStructure
0 BUS_Module 7

I BUS_Prop

ways to control visibility: Layers, Global Entity Visibility, Object D I
Level Visibility 501

BE O™ H N -

@0 @D @BE @F Tk M

. E---O BOUND_MAIN1:12EEE = 0 BUS Radiators
° Layers: (Iayers Command, native to AUtOCAD) - )00 Cylinder-Blocker Surface[BOUND_MAIN]:12EED B boeshe
— If alayer is Off or Frozen (Blue Light Bulb or Snowflake) e | E
i i i ) 6] BUS_CDH S
anything on that layer will not be displayed P s con -
- Also can control from drop down along toolbar oG] BUS_DIPLEX B Coi Q

— HINT: If something isn’t showing up in post processing, make | | 2@ serms

. . H-{3t1] BUS_K_BAND_MOD
sure the layer is not frozen in the VP too! - 3 BUS MACE

00 CGLEBOX
W CGLFITTINGS
@ CGI_FRAME &

%

B CGLFRAME_BIPO)
B CGIHEATER &
O COLIMAG_CAM | |:| I

OEE8 0960 BEFe@R *0o = o Oy

LelelslololslolslalslolslslalolsLalolslslolslolol sl sl olsla
feZeodoTetootetotoTotoTotoToTototoTototoTototoTototoTotol
Kok e KR e KR R Kk K e Kl R KR R KR R KR R Kok
Bl B By B B B B B L L

* Global Entity: (Thermal-Preferences) [~ m cal i can
— If the visibility of a particular object type is unchecked, it will D % i [ T e el s Jy |-
not be displayed TED e e Y
On/Off Toggles for common objects (Node, UserNode, I— A
Surface, Solid Element, Heat Load, Conductor, and Contactor) | “~ ™~ sz .
available on toolbar e s e e
. Object Level: (Blue and Yellow Lightbulb toolbar buttons) w i
- Objects can be selected in Model Browser and visibility turned | wis=@icem wwBasls  =nxs - — {
on or off (Blue and Yellow Lightbulb) o e Rt [ e Q= i
— Objects can be selected from the screen and visibility turned (s L g '
off ] T B o o
- Objects can be selected by group (even if currently off) and o o8 s on
turned on Z Q% oo
— On/Off state can apply to solid CAD but hard to manage; use Cnime o b e S
“all” for selection if needed e L o
« Best to use Layers for CAD objects. User choice for Thermal CGom oo . S
objects, as visibility can be controlled by Model Browser ; = g-
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BUILD MODEL: Defining Variable Parameters

« Symbols can be used to control just about anything in Thermal _— =
Desktop el
- Dimensions (thickness, length, width, height) Shut ot T e
~ State Flags (On/Off, Enabled/Disabled, Open/Close, s

Stow/Deploy)
.

- Margin Factors (Heat Load Multiplier) _
— Other Values (Conductance, Heat Load, Setpoint, Rotations, etc) e

» Symbols can = I
- be single values (Integer or Real), expressions, or arrays of

values -
— depend on other symbols —|. sy
— be overridden in the Case Set Manager for a particular analysis R —— .

+ Symbols should =
v' Be named intuitively. Use prefixes for thickness (thk_), heat T —
(Q_), conductance (G _), Multipliers (Mult_), etc. e

v Be grouped together where logical (power, subsystem, etc) -

v Include a description or comment

» Symbols can be passed through to SINDA as REGISTERS
- This is automatically done if the symbol is needed in SINDA G reGanessem e -

— User can override to ensure symbol is passed as REGISTER if , -
not detected by Thermal Desktop

« To use symbol, dbl click in textbox to access Expression Editor

* Values can be set in Symbol Manager, Case Set Overrides, or user
defined logic...be careful where you define things
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* Once a symbol is defined in Thermal Desktop, double click in just [

about any textbox to access Expression Editor to use it
- Values dependent on expressions are indicated in Bold font

- Values with a description are highlighted in light blue —

— lllegal or incalculable expressions default to 1 with a red
background (importing a model without importing symbols)

 Unit conversion can be performed

» Can output expression to SINDA (as REGISTERS) ,
» Conditional statements (Not Valid in SINDA FORTRAN DbIOCK...) | #omssmeomesmrosmon  peoe s s o tscs vins e v e

Add Symbol

[7] Expression is in SINDA Units [No units Conwersion pert formed)

- (Heater ON==1)710:0

- If Heater_ON is equal to 1, set expression to 10 otherwise 0
* interp function can be used to access elements of symbol arrays

- interp(CaseArray,PowerArray,CaseFlag)

- Look in CaseArray for Case Flag and return entry at same
index in PowerArray — Not Valid in SINDA FORTRAN block...

* Example symbol usages include:
— Power Dissipation (Heat Load or Heater)

— Conductance Values or Convection Coefficient

- PID Gains

- Assembly Rotation Angles or Translations (Open/Close)

— Thickness

— Geometric Distances

— Boundary Temperatures
— Initial Temperatures

Node - Multi Edit Mode (3a]

Enabled.

[ ] Disable Warrings for this Expression

Submodek WIS_DET_MTG

D 1010

Initial temp: 293 K

‘ Initial temp: 293 K ‘

Setpoints
MLI Assignment

Number of Rays or Error for MCRT
— Margin Factors/Multipliers

State Flag (On/Off)

Failure Flag (zero out value to
disconnect or null)
Absorptivity/Emissivity/k/e*/etc

- Etc...
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BUILD MODEL: Moving Geometry

» Two methods exist in Thermal Desktop for handling moving
geometry: Assemblies and Trackers

For both, geometry must be attached
If using FE, nodes must be attached since nodes define elements

* Assemblies

- Useful for moving geometry based on user needs (e.g. door opening,

Everything attached moves when assembly is moved

Be careful using AutoCAD move command; moving TD objects and
the assembly makes everything attached to the assembly move
twice.

shield deploying, lid closing, etc). Could be orbit position dependent.

* Trackers

Similar to Assemblies, but point specified axis towards target by
rotating about second specified axis. Can be nested, but gets
complex quickly

Useful for simple solar arrays or more complex spacecraft pointing
Utilized by HR and Articulating Radk calculations

» Fast Spin (many times in one orbit position)

Fast spinning capability exists for radiation calculations for scan
mirrors, rotating drums, etc.

Use an assembly, assign spinning geometry, and assign rotation
angle to symbol variable

In Radk or HR Spin Tab, specify start angle, end angle and
increments

Be sure to use 0 error and max number of rays per position

» Slow Spin/Slew (<< one time in orbit position)

Orbit Rotation or slew to multiple of hrMeanAnom

Edit Assembly Edit Assembly ==
Assembly | Trans/Rat Assembly | Trans/Rot
Nam: Translation X: 0] in
Comment: Translation Y 0 in
Size: 1 in Tranglation Z: 0 in
] Graphically Display Name Rotation 1: 0 Degrees
Display displacement vector and base coordinate system Rotation 2: 0 Degrees
Rotation 3: 0 Degrees
[¥] Active
o oo o o ) v ]
e Single Axis Tracker (=]
Spn | Ovet
Name: unnamed -
Track ‘Working Mode
@ Sun (@ Always
Stating Valu 0
Voo % ) Nadir 0 In Sun Only
Norber of nrements 2 (2 Star () In Shade Orly
[Clinclusive Right &scension: |0 () Between Anomalies [deg)
Uaer Defned Declination Start
) Lok End: 360
Angle: (@) True Anomaly
_ () Dizable (Never Working]
n.] CAESAR_GCS_5CS_OctbA_PCM_Final5.dwg
List Edit Display Options Help
T p—
o
[1]R % EEEEEE’E Range of Motion Display
— Tracker-Assembly Tree — From: 0 degrees
- L. Articulator-SRC-top::20CFF = Size: 1 in
| - L Articulator-GCS_Hinger1DOC To 360 degrees
H - ). Group 0
. Group 1 [¥] Active
. Group 2
[ Cylinder GCS_IF_PLATE]:295FF [ ok ] [ cencel | [ Hep
-0 Cylinder[GCS_IF_PLATE]::29607
-0 Cylinder[GCS_IF_PLATE]::29616
+ D) GCSIF_PLATEL001:2971B
i -0 GCSIF_PLATE1002:29717
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BUILD MODEL: Establishing Connectivity

* When nodes are not merged to establish connectivity between two surfaces, a user must add this
manually. Two methods exist in Thermal Desktop for this: Conductors and Contactors

Conductor: Tie a specified
node to a surface, multiple
nodes, or a single node

Conducter @
Comment: Hinge between GCS and GCS IF Plate =
Submadel: GCS_STRUCT -
@ Auto-number [T Best to use
1D number: 1]

!
Type: Generic I U l ']
[T1%s. Time
Areadlength; 0.055 P d“i@tgj
s. Temp Diff

Use material: ess b01 and 502 P o I n t o r -
[ Radiation conductor -
[ Per fvea Bi-directfnal I A
[ Ingulation Modes S u rfa ce
From Node: GCS_STRUCT 23061 27FED
To[Uses Area) C o nt c
DQuad Elem{GCS_IF_PLATE]: 23702 Top
Quad Elem[GCS_IF_PLATE]-297D3 Top [ [ [ [

TN E ALY

T

Add Code
ag ] I Cancel ] I Help

* Both

- Can be material dependent, time or
temperature dependent or constant value

- Can be to insulation nodes, one way, or
radiative conductors

» Conductors
- Remeshing/renodalization can break this link
— Can be per Area, Cannot mix types (i.e.
cannot add a surface to a node to node
conductor)

» Contactors

- Renodalization does not break this link,
unless new elements are created

v Must specify Edge or Face contactor type
and edges/face sides to make contact

v Use Ray Trace for Face Contact

v' Specify reasonable tolerance

v Preference is to use Per Area or Length over
absolute conductance

v' Often, best not to Apply Surface Thickness

- Contact From displayed as Green Arrow, To
faces as Yellow Arrows

— Can visually display contact made (or
missed)

Contactor: Tie nodes associated with

two surfaces or two edges together

Contactor @
Comment Bottom Tank PCM Core to Housing =
Conductor Submodel  GCS_PCH -
Cantact From: [Faces '] [F\estart Files From Current Default Directary -

Conduction Coefficient [Conductance/fiea)

0.00155 i 240 [ws. Time (] s. Temp Dif
Input Value Type: | Per Area Or Lenglh -
|71 Use Material | DEFALILT

[ Radiation [ Oneway

[ Use U Scaling u

[ Use ¥ Scaling Be@se

[ Use Insulation Nodes

Inputs For Cannection Algarithm

Integrations Intervals: 10

Talerance: 5 tgvec Db\acls
[E] Apply Surface Thickness To Test Points E d g

ISuhd\wslons 5
From (6 objects, drea= 6203893 2 G 72

Solid CH[GCS_PEM] 28777 HMIN 0 K i

Solid CIGES_PCM]- 28735 HMIN Disk[CS5_PCM_HOUSING 28775
Solid C[GCS_PCM]-26D28  HMIN

isk[GCS,_P@M_HOUSING]-287F5
Solid Cy[GCS_PCM]-28858  HMIN .ﬁ a@ B5E
Soiid CYIECS_POM} 24172 HMIN AL P 202

FEERE EEERRER b R GEo/R R,
[ o |

Cancel Help Show Calcs

N o
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Conditions

BUILD MODEL: Establishing Boundary

* Boundary conditions must be applied to models. Typical
boundary conditions for thermal analysis include: fixed

temperatures and fixed heat loads.

- Boundary nodes defined by overriding the calculations by
elements/surfaces. Need to also specify temperature.

 Heat Loads

v’ User specified application of heat to nodes, surfaces,

or solids
v' Can be total load or flux

— Can be temperature dependent or time dependent
v’ Specify Value and assign appropriate submodel

* Heaters

Node
Enabled.
Submedel:  GCS_TANK_FLEX

D 2001

Thermal Mass: ~ ||1
Usematerial | DEFALILT
() Arithmetic

@ Boundant
(7] Time vamying Edit

() Clone:

Overide calculations by elements/surfaces

1 Put in sub-netwaik

Heat Load Edit Form

Enabled...

Name; [SSM Mot or Dissipation and Encoder]

Submodel  SIRSE_SGM

Type Constant Yalue -

Heat Load [w]
Waue: 095

@ Absalute ) Flux

[] Put heat lnad into Insulation nodes

CylinderSIASE_GSMI2568 Dut

Heater Edit Form

Enabled,

v’ User specifies application of heat location and sensing location
— Can be applied to nodes, surfaces, or solids
v’ Specify Available Power, On Temperature, and Off Temperature
v’ Specify control approach (thermostatic or proportional)
v’ Specify Steady State behavior (Proportional recommended)
v’ Specify Append string for symbol output recognition

« TD creates power, total power, on time and #cycle registers

using this string

- Can specify sensing method (defaults to area weighted average
temperature, but could be min temp or user defined)

Name: Survval Heater
Logic Submodel,  VIS_DET_BF
Flegister sppend sting: _VISDET

Input Yalues

Heater Power: 5 W
@ Power ©) Flux
On Temg: 20 3
0O Temp: 230 K
[ Transien 1t Scaling

7] Use Insulation nodiss f passible

Apply Heat To

[ T2 e
= %o [
SN

Steady Stats

() Set Ta Mid Foint Temperature ]

Sense Temperature From

\IS_DET_MTG.10T1:1B6S Top

VIS_DET_MTG.1017:1B67 Top

(C P S R AN

[ [T ] [l [ [ola B,

ok ] [ Cancel

B [ hep |
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BUILD MODEL: Modifying Entities in Objects
and Domain Tag Sets

The entities referenced by Heat Loads, Heaters, Conductors, and Contactors can be modified from those
references when originally created —
» Add (+), Remove, Remove Selected, Edit |_ & % %] &% Eﬁﬁ 27,
« Switch Visibility, Turn on Visibility, Turn Off Visibility, Show Only Selected (O) or All (A), Turn on, Turn off
Node Numbers

=
H Domain Tag Set Mame Object Type |+
- Domain Tag Sets are groups of objects that can be T e o o
d 1 List Edit Display Options _Help :E?mi;ﬁ;:hﬂiwamwﬁ {i:z:g}
used Iin humerous Ways MR @R EEECE = || BUS_MAP_HGAS_BODM 8N SET)
L m= e~ 4 T Doman = = A BUS_MaP HGAS BRACKET [&NY SET] o
 Create the Domain Tag Set & s ror e B o e
- BUS_MAP_CENT_CYL e = Merae
v' Specify the N G 05 ap_CORNERLoNGERONS et
peCI y e ame g :ﬁfmﬁf:giz—:ssc":‘m E BUS_MAF_HGAS_LOCKS {ANY EET} i e
v" Specify the type of object it will contain (cannot change © sus s s ok e e
. g BUS_MAP_HGAS_DISH
this later!!) & oo et Nl
. . . -5 BUS_MAP_HGAS_LOCKS orel - =55
v Add/remove objects using buttons described above s use e L STAUCTEABrS |
. . - BUS_MAP_IC_MONOPODS wre[BUS_STRUCT]:4BD2 W ERREEE
BUS_MAP_MODULEL orel M e |l
« Domain Tag Sets show up in Model Browser and & oo B s
i
. 3 BUS_MAP_MODULE3 [EUS_STRUCT]:ABCO 1kl
are useful for controlling component On/Off & oo e
B ore[BUS_STRUCT]:ABCC
visibility Suin e et Lo
g 232 mi gg:f?;iup Brick ElemHoneyoomb Core[BUS_STRUCT]-ABEB -
» Used as Groups for mapping temperatures to FEM | - geuoome — —
£ BUS_MAP_PAF

« Domain Tag Sets may be used as target objects Quowemorsir T =
@ BUS_MAP_PROP_STRUCT

for Conductors’ Heat Loads’ Contactors even if it {3 BUS_MAP_RADIAL PANELS Domain Tag SetMame:  DOMAIN_TAG_SET_1

A BUS_MAP_RWAS

A BUS_MAP_SA_MID_MX

does not contain any objects yet @ s sa 0 px

| -7 BUS MAP SA MY MX. Z
CGI_BOXES

« Useful for defining interfaces that may change on Ches
either side (dummy plate vs. SC deck) o e o

Select surfaces to remove or [Domain_tagset/MB/GRP]:*Cance :géfi%isu%s

« When prompted to select objects, type d to bring &2 o) ari 1tering from 5 objects : OB A

Select Domain Tag Set \EI

BUS_MAP_SA_MID_MX
CGI_BENCH
e || cGI_BIPODS

up list box. Only Domain Tag Sets of a valid type gt cbiects mect criteria T g
»_|~Select surfaces to remove or [Domain tagset MB GRP] TOMA_F2

TOMA_M3

] (R ] R A 2 |+|E

will be shown.

oK % [ Cancel
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» Models delivered from other organization should have already been checked out. Delivered models (PARTSs)
and assembly models (ASSY) often need to be prepared for integration

AN N N N NN <

<

v

SN

Remove boundary conditions from PART model that represent interfaces: boundary nodes, blocker surfaces.
Keep conductors/contactors to boundary nodes to be able to connect to non-boundary interface. All that should
remain is what needs to be imported into next higher assembly. Ensure that Radiation Group names are
predefined or do not conflict with those that exist in the ASSY file. This should be a clean PART file for import
Remove previous instance of PART from the ASSY model if necessary or consider if better to keep old PART in
ASSY and rename submodels with OLD prefix to have previous integration template. Save this as a clean ASSY
file for integration
Ensure both PART and ASSY are using the same units
Use AutoCAD’s INSERT command to insert PART file. Explode and place at correct location and orientation.
Could use Copy/Paste if no Domain Tag Sets need to be preserved
If you need to move the entire inserted PART, be careful with any nodes/surfaces that may be attached to
assembly. Moving everything will move the attached entities twice (relative to assy and then the assy itself)
Ensure that all PART submodels added have the same number of Nodes, Surfaces, Contactors, Heat
Loads, etc. in the PART file and the new ASSY file
Import Optical and Material Properties (Model Browser will show Property Not Found for undefined props)
Import Symbols (Model Browser will show Symbol values as [] when referenced but not defined)
Import Logic Object Manager objects and PART file node correspondence if needed
Verify that Radiation Groups are correct. Can merge imported PART groups with existing ASSY groups
Ensure Domain Tag Sets from PART are included in ASSY
Determine if any symbol or property alias over rides from PART case set are necessary in ASSY case sets
Reconnect contactors/conductors to ASSY side entities and remove any temporary PART boundary
conditions. Merge any nodes that may be coincident between PART and ASSY prepared files
Add Tab to Notes (Utilities-Notes-right Click Tabs) and paste text documentation (text only, no images, etc)
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CHECK MODEL: General Model Checks

The following list can be used for your own model or Submodel-> ~ SubA Sub.. SubZ
. Build Geometry X X X
models you received from others: EeTT— X
v' Ensure Material and Optical properties have correct Nodal Subdivision X
values defined Meree Nodes ,
Submodel X
v Ensure all surfaces have material and optical properties Node Numbering X
. Thickness X
aSSIQned Material X
v Verify thicknesses (Model Checks-Color by Property Value-Thickness) Material Orienters
Active Sides
v' Check Mass of Submodels (Model Checks-Calculate Mass) Opt Props
v' Check Free Edges of Elements (Model Checks-Show Free Edges) 'Cnsu'atior;
. ommen
v Check for Duplicate Nodes (Model Checks-List Duplicate Nodes) Assembly/Tracker
v' Check for Coincident Nodes (Fp/FEM Network-Merge Coincident Nodes) IF Contactors
. . . . d
v’ Active Sides for Radiation Group (Model Checks-Display Active Sides) e poorr”
v MLI Assignments (Model Checks-Active Display Preferences) Heaters
v’ Verify All Contactors make contact (vodel Checks-Show Contactor I building a lot of new geometry, it can be
Markers) helpful to have a per submodel checklist
. . to keep track of whether you have full
v’ Verify User Defined nodes are connected (Model Browser) sionod everything neoded
v’ Verify heater setpoints and Steady State behavior e T
v’ Verify proper behavior of assemblies/trackers (orbit-Display QB I Dy Sy et Tishctiors He
Current Orbit) T | =
- . . Symbol / Expression Tree
v" Verify proper associations of Symbols odel Browser) 4 Obiects aith Output To SNDA Enabled
v Verify reasonable values for conductors, heaters, L oy e et denedmhesymbemaness

contactors, etc (units check and avoid large couplings) || . . ol

neral
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CHECK MODEL: Model Browser

* The Model Browser is a powerful capability to view the '”E:ft‘-";j::;%gg;:—;»;h;:-“wm =) W e Decpie e ey o)
relationships between all the Thermal Desktop objects | v weressit - | | R GIRe A R L -
and manipulate what is displayed in AutoCAD pnats Group . D =
- Many options for listing and controlling display o e _ "2 © souno e _
- Shows relationship hierarchy (e.g. node-surface, Conductor- Surfeces/Soiids P SN T Flocksr SufaceEOUND MANIZEED

node) coreEemae s e e I

« Submodel: for model/node organization ottt :: e

« Non Graphical: Orbits, Properties, Case Sets N s

» Analysis Group for Active Side Visualization et __ i

 Optical and Thermo Props for property assignments e o

« Surfaces/Solids for Conduction Submodels o |- Py

« Contact/Contactor for displaying associated surfaces o oo

« Assemblies/Trackers for showing assembly hierarchy ros ey

» Conductors for user defined conductors folton o e

 Heaters/Heatloads for used defined dissipations Fres i prasd

« Orienters for anisotropic conduction Cores o e

« Fluid objects S 58 ]

* Meshers: TD Mesh definitions oD IR '

» Mesh Displayers: FEM Mesh Mappers (STOP) Msh DislayrsP Mapper/ B/ Cuting Planes Tovmre e

* Symbols for showing object dependencies S i s

« Groups/Domain Tag Sets for user defined collections -

* Layers for AutoCAD layers for visibility control | | '
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v' Define Orbits

v Define Case Set name and File Names [===w= i e
v’ Define Radiation Tasks (Radiation :
Groups, Radk, HR, Articulating Radks, T lpbit;h A
- Beta Angle: G ﬁ gle between solar vecor and plane of orbit)
Orbits) - Ore 'tiOn
] eflf\|
v Symbol Overrides i
v Property Overrides -— :
. Case Set Manager = Qe
v Operations Block (TIMEND, Steady, mm case e q
Transient, etc) I 5 oefiniti© 1
v Verify Control Cases H T Set Symbols, Aliases, Override Databases to Global ‘|
v’ Define Outputs and Intervals i p————

Optical Properties

v Add Comments to document Case Set

[ venide curent database:

v Temporarily Set all Symbols, Aliases, pe
and Property DataBases to case set R pro (ri
and verify model is as intended. OVG
Restore back when done verifying... S

v Run Case(s)
v Post Process Results

oty
ides
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EXECUTE MODEL: Defining Orbits

* Orbits are defined to specify the variability of heating based on orbiting a
celestial object (Planet, Sun, Moon, etc)

Heating Rate Case Manager

Curent Heating Fiats Case:

0_LED

Beta 0_LED

==

» Sources typically include: Direct Solar, Planetary Heating, and Albedo B
CGI_DITL Visual BASIC
) = — Dele E:
(Solar Reflections off Planet) O RN oo A
e
. . . . wob_BI0_L2 Y-36_x-15_Hot
Cyefi_B90_L2_Y-36_x0_Cold BASIC L
* Orbits can be specified by Altitude, Planetary Data (Size, Mass, e t :
. . CycB B90_LZ7-36 %15 Hot  BASIC rb‘ Compare
Temperature, Fluxes, etc) or by Vector List (Good for small body orbits ggg;go el
. . . CyckBSO_L2_¥0_X0_H EASIC ag
comet, asteroid)). Orbits internally decompose to vector list for siat ax o\ flan
’ Cuck_B90 L2 Y18_%-15 Cold  BASIC
. cigsjasulzjwa:xﬁs}; BASIC
calculations
» Can use Beta = 90 with no Earth/Albedo for Lagrange orbits
[ Display e | [ pome | [ Hep
 Orbit Manager allows you to define multiple orbits and specify the current
orbit for visualization Fosing e e 507 &=
. . . . . Vector Input | Planetary Data | Soler_| Albedo | IR Planetshine [ Fast Spin
* Orbits are referenced in Radiation Tasks in the Case Set Manager
Time [sec] Solar Vector Planet Vector planet radius
. . 0 03211, 0.0000. 0.9470 10.0000. 0.0000.-1.0000  2.000000
* Orbits can be imported from and exported to other models il fmimmone o
111588 02433, 0.0550, 0.9634 00000, 0.0000,-1.0000 2000000
M oick briT 1o oton o0 o 2ot
e Bt 0 B [ eang ot o i = TER SR G S o o
Basic Orbit | Orientation | Posttions | Planetary Data | Solar | Albedo | IR Planetshine | Fast Spin| Keplerian Orbit. | Orentaion | Posons | Planstary Data | Soler_| Albedo | IR Plansishine | Fast Spin 141599 00023, 07250 04744 0DDOD, D.OODD, 10000 200000
142000 0.0384, 0.2248, 0.9737 10.0000. 0.0000,-1.0000  2.000000
Orbit Defirion Ot Shape Definion - Select 2 T D T oD T oo
Bets fnge: |1 Degrsss  (Angls bstween sclar vactor and pisns of o) Qb Incination M ] Degrees [ Mnimum Attude: 500 km 122 Oiits 0ok 0364 00000 00000 10000 2000000
RA. of Ascending Node 90 D 7] Meodimum Afttude: 500 K Vg Q18T 022 Dasm 0000 000 10000 20000
Atitude 500 K g Node egrees m 192599 01451, 0.2225, 0.9639  0.0000. 0.0000.-1.0000 2000000
pmetatrose [T vore Boostr @ 'gm Qi 0fit i GmoL i 1o 200
o b Gien oo skt QoL oo o oo
Date Dependent Right Ascension Defiritions oo B | sec ToZTD 01457, DO0O0, DB 00000, 00000 10000 2000000
Calculated orbital period = 5676.98 sec , © User Spectfied 135333 3}@j§3§:§j 3% 3ﬁj 3%11% %m
it T oo S Qi ot i GO oo o J0000
. 192850 0.1461, 0.2225, 0.9639 10.0000. 0.0000,-1.0000  2.000000
'|C Or Prime Merdan [ Degrees ‘er|an 22500 01461, 02225 P.3633  0.0000. D.0DOD.-1.0000  200(p00 t
Bas Kep tof LIS
©) Use Date/Time it \/e C
0/00/00 00:00:00 GMT Qrb
lculated Beta Angle: 0.000000e+000
(o [ canca ][ Heb (ox ] [Ccancal ] [_te o) T ) [ ree

Thermal Modeling and Analysis at GSFC - 2022

104



EXECUTE MODEL: Defining Orbits

Create New External Heating Envirenment =)

Open Orbit Manager and select Add...
Define Type of orbit and Specify Name ol

Enter Basic orbit information (e.g. Alt., Beta Angle, Incl., RAAN, Vector List,

etc)
Specify orientation of SC wrt celestial objects (e.g. Sun/Nadir/Zenith Pointing)
Specify Euler Rotations to orient SC. Can use hrMeanAnom to do slow ——

v" Define number of orbit positions (default is 12: 15 positions with beginning S Bl s B aan

AN

AN

. .
and end + Eclipse Entry and EXxit) e =
/ - " - . Curent Heating Rate Case: Beta_0_LEO
Specify environmental heating (Solar, Albedo, IR Planetshine). Albedo and
anetshine can be Lat/Long dependent
Orbit: Beta_0_LEO (==
-_Edl Ci
Basic Orbit | Orertation | Postions | Planetary Data | Solar | Abbedo [ IR Planetshine | Fast Spin : o
Pointi Addiional Constraint
ointing fonal Constra ()
mis (2= mis [+
2] Orbit: Beta_0_LEQ (=)
Orbit: Beta 0_LEO @ fiadi %) Nadir -
g s Orbit: Beta_0_LEO
== Basic Orbit | Orientation | Postions | Planetary Data | Solar | Abedo | IR Flanetshine | Fast Spin |
Basic Orbit | Orientation | Postions | Planetary Data | Solar | Albedo | IR F| § .
©Sun © Sun Basic Orbit | Orentation | Postions | Planetary Data | Solar | Abedo [ IR Planetshine | Fast Spin
- .- @ e Valug) Options
Beta Angle: o] Degess  (Angle between solar vectorg o o © Use Postions: [F] Diferertiate between Dark and Sun Side Input Mode
Fight Ascension: 0 Degrees Fight Ascension: Shadow Crossings (Degre
Stat: 0 Degrees 0 - Value 0.000243 Winm"2 ©) Temperature (Biack Body)
Afitude 500 K Declination: 0 Degress Deglination: Adomatically nchugf | - 7
. 5 Ertry: 111.984582 0002215 © Fluc
() Velocity vector @ Velocity vector End. 36D Degrees S 248015418,
©) Use Planetshing vs Ti Planetshine Coordinate System:
Orertation Overide Additional Retations N Posiion Angles <& Flansishing vs fime onctshine Coordinete Systen
@ Trus Anomaly Edt Planetshine vs. Time Table 9 Planet Coordinate System
Caloulated orbital period = 5676.98 = @ True Anomal
Sleed i pen b @ ) © Subsolar Coordinate System
[] Align to Celestial Coordinate System (@ Mean Anomaly
©) Use Planstshine vs. Latitude/Longtude
Edt Planetshine vs. Lat/Long Table
Edit list items directly, use <Enter> to insert entry
oK | [ Cancel ][ Hep [ ok ][ Camed |[ Heb
0K J Gancel ]| Help ]
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EXECUTE MODEL: Defining Radiation Tasks

* Radiation Tasks are a subset of a Case Set. The results of e =
these Tasks serve as inputs to the thermal model and P o s
generally include internal radiation within an enclosure,
external radiation, and environmental heating. Radiation O i
can be for moving geometry. WARST s o S

« Each radiation task generates a file that is included along - D
with the Cond/Cap calcs to form the SINDA model for E—
temperature solution

» Results from Radiation Tasks may be used by multiple case
sets. TD is generally fairly smart at evaluating if anything
has changed since the last time a radiation task wasrunand | v —
determining if the data is still valid. User can over ride this... | = I ——— =

+ Each radiation task has its own control parameters o _
including Max Rays to fire, Acceptable Error Criteria, .
Output File and Submodel, Oct Cell Subdivision, etc —— — | T

» Fast Spin Capability also exists to vary a spin angle
multiple times within one orbit position. Averaging these _____ -
results (Radk/HR) together over multiple spin positions in | fsslumsizon= o o
one orbit position can simulate a fast spinning object
(Scan Mirror, Reflector, etc). To effectively utilize this,an | =«
assembly should be created with the spinning geometry s
attached and the rotation based on the symbol

representing the spin angle. Use 0 Error!
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EXECUTE MODEL: Defining Radiation Tasks

Help

. . . Editing 1 Case Set - WFIRST_Launch_Orbit B0
v Open Case Set, Go to Radiation Tasks Tab, Click Add... ot o s 0 5104 o ] P | e G
/ . . g Aralysis Group Orbit Cale Method Options
Define Type of Task (radk, Heating Rates), Analysis Group, and Orbit if o .
m:;m ﬁ Recalculate data (curent
n e e e INTWELIF e database wil be replaced)
INT_AMS L
. H - . - WFIRST_Bdemal L3
v Add to Database Name if you don’t want to overwrite similar SR .
k(’acgmc;}m cument database will
. . . . < reine
- Name of Database is RadGroup-Orbit-PropFile.rch or RadGroup-PropFile.rck P——
performed)
v Specify Max Rays, Error, and Energy Cutoff under Control
v Specify Levels and Objects on Advanced Control (Objects > 8)
v’ Set output filename and submodel...DO NOT USE DEFAULTS!!
radiation —
Radiation Analysis Data = Radiation Analysis Data (== Radiation Analysis Data
ion Analysis
1ob [ Cortrl | Advanced Cortrol | R T L dob | Cortrol  Advarced Cortrol { Fack Output | Spm [ Ovedap | [Job__| Conirol | Advanced Coriral | Healrate Output | Spin
il | Advanced ot | R ateon Amalyas Data Oct Cells Ll Sl
Calculation Type [V Gerese, SHOAZELUINT e et
S Advanced Control | Radk Output | Spin | Ovetap | Use Octree to acosierats caloulations dob__| Gotrol | Advanced Cortrol | Rads Cutput | Spin_| Gverap
© feds ) Output Fileriame WFIRST_PreSRR_Y18_%-15_Hothr
) Defaut Mex octtree subdivisions 12 [¥/Eenersis SINDAZELIN T rput her calstiations
Fiestig Fetes Mex surfaces per cell 12 WFIRST_PreSRR_Betemalk Output Submodel WFIRST_HR
Aticulating Racks Rays Per Node: 35000 Flack Output Fienans e e
) Fres Molecular Conduch Weighted Error: 1 % Random Number Seed Cortrol Form Factor Output Flename WFIRST_PreSRR_Bxtemal dat S/F Starting Amay 1D 1
. ﬁree lolecular Conduction e e e o @ Use unique random number seed a start of caluiations Outpst Submods: WFIRST RDK Output Fomat: LOADQ -
Aticulating Free Molecular Condu e ot o (©) Use same random number seed sequence at start of calcuiations sl Conductor 1D 1 Combine SAP amays into a single amay
© View Factors ’ ©) Uss same random number ssed sequenc at start of every nods [ Outpt s
Aticulating View Factors Heating Rate Sources Space Node Submodel ID: SPACEA put s fies
Solar Planetshine Abedo Nurdalizaliun Schemes , , Space Nods Temperaturs: F3:) K _—
Anslss Group HAsE Diffuse Sky Solar [ Diffuse Sky R Diffuse Sky Al @ General © Spectic 0 Top/Battom Spectic List summary f %kept is off by morethan: 10 % Solar ] Planetshine [FlAbedo
ot Mo oo Rack Calculstion Specirum - Used for Modelng Lamps Which Radks Output To SINDA [|Dffuss Sky Solar [ Dfiuss Sky IR [ Dffuse Sky Absdo
oA on @ kared ) Selar Bi/Fi Cutoff Factor 0.001
flc;li::i:jod O List (© List Wavelength Dependent Properties [¥] Output Bis Until BijSum >= 03 Output tracker data to fis: WFIRST_PreSRR_YD_X0_Hot dat
) E Enable Wavelength Dependent Calcs Fat 7] Output 1-BiSumto ERN Node: | BHSLILT 7] Output HR Symbols o SINDA
") Progressive Radiosty
7] Disable Radks To Space
Apply Reciprocity To View
[T]Output as Heating Rates Mutiple files wil be produced
. A" wil be appendd for ARRAY DATA
Addto Datebase Name: [ None "L wil be appended for VARIABLES D Logic
(I
T [ ok ][ Cancal ][
oK | [ Cancel |[ Hep | T
[ ok ][ cancel || Hep |
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Building a Model from Scratch

» A systems engineer (who was once a Thermal Engineer) asked if you could help
them out on a proposal.

* They know their orbit parameters and launch date

* They have identified the Current Best Estimates for Dissipations

* They have identified the Operating and Non-Operating Limits for their components

« They have a CAD layout of their proposed design and know the materials they plan to use
* They have concluded that there are no gradient or stability requirements

* They are hoping you could quickly build them a Thermal Desktop model and provide
inputs as to whether their radiator size is adequate as well inputs for heater services

» Their design is built around using a propulsive ESPA Grande, which
allows them to ride share with another spacecraft. As such, the
dimensions are constrained by the size of the ESPA structure

» Three instruments are supported on the ESPA ports, all nadir (+Z
facing). The instruments are isolated and the spacecraft is not
responsible for their thermal control

» The spacecraft flies along the X axis, but performs a yaw flip at each
Beta = 0 crossing
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Orbit Info

« Launch Date: 7/25/28

* Altitude: 407 km

* Inclination: 65°

* Mission Duration: 3 years

Beta Angle Progression

90.0
60.0
30.0 —
0.0
-30.0
-60.0 -
-90.0

Beta Angle (°)

Basic: Cold_kOD

0 500 1000 1500 2000
Day of Mission

» S0, their range of Beta Angles varies from -90° to +90°
» Their spacecraft coordinate system has +Z pointing nadir and Ram along the X axis

» Fortunately, their Systems engineer knew that a Yaw Flip (rotation about the Y axis
of 180°) allows the beta angle to range from 0° to 90°, and this is their design

» This also keeps the +Y side of their spacecraft from ever having direct solar
illumination...good place for a radiator
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Dissipation and Limit Info

« Component H dissipates 46 W while in eclipse and 22 W while in sun, unless the
orbit is full sun, for which the dissipation is 0 W

« Component K dissipates 30 W for 7 minutes out of every hour. For the remaining 53
minutes, it might dissipate 20 W for 7 of the 53 minutes, otherwise it dissipates 0 W.

« Component L dissipates 48 W for 7 minutes out of every hour. For the remaining 53
minutes, it dissipates 8 W. Assume the dissipations for K and L are synchronous.

w
L

W)
zZrrx——-—IT6ommZ F)EBID

‘l_\

o
w

O
w

-20
-20
-20
-44
-20
-20
-20

-20
-20
-20
-20
-20

-10 40 50
-10 40 50
-10 40 50
-34 71 81
-10 40 50
-10 40 50
-10 40 50
10 30 40
-10 40 50
-10 40 50
-10 40 50
-10 40 50
-10 40 50
5 25 30

66
13
22
2
1
8
12
46 Ecl/22 Sun/0 Full Sun
34
9
30/20/0
48 /8
2
10 W Heaters 7/14 Top+Bot
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CAD Layout

No Inst

De

De

De

No ESPA

ck 3

ck 2

ck 1
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CAD Layout

Component N (4x)

Component D (3x)

Deck 2 — Component C (4x)
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Assumptions

ESPA, Decks, Brackets, Avionics Box Walls and Baseplates are all Aluminum. The only non
aluminum component is N, which is Titanium

Boxes reject their dissipations through baseplate conduction and radiation off the sides should
be neglected
« The means only the baseplate footprint needs to be modeled

The ESPA structure itself is covered with Multi-Layer Insulation (assume GBK Outer Layer and
0.05 e%)

+Y Face (Deck 1) will be used as radiator using White Paint. Most avionics mount to —Y side of
the +Y panel using a high conductivity interface filler (assume 0.8 W/in? K), except Component
H, which is thermally isolated, blanketed, and rejects heat out the box top.

The Truncated Pyramid on Deck 2 is also aluminum and is used to conduct heat to the ESPA
structure. Components C dissipation can be applied directly to the pyramid. Assume the
pyramid bolts to Deck 2 with 8 bolts (Assume 2 W/K/bolt)

Decks 1, 2, 3 and the Closeout are both bolted with 24 bolts (Assume 2 W/K/bolt) to the ESPA
structure around the circumference

Component N is thermally isolated from Deck 3 (Assume 4 locations at 0.1 W each) around the
midplane circumference where it mounts to the deck. @

Files needed to get started in zip archive embedded in this slide
Sample_Model_Files.zip
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File name:

Select Property File

| Sample_Model.rco

File name:

ame

(O] tive Path Name From DWG File Directory

Select Property File

| Sample_Model. tdp

(7 Full Path Name

(®) Relative Path Mame From DWG File Directory

* Open a new Thermal Desktop model and save it as
Sample_Model.dwg. Create a new optics file (Optical
Properties-Open/Create Property DB) and save it as
Sample_Model.rco. Do the same for the material property
file (Thermophysical Properties-Open/Create Property DB)
and name it Sample_Model.tdp

— « Add Symbols for each Component Dissipation
genesl ol (rcEditSymbol) as shown to left. These will be used to

Neme ~ Reut  Evpresson  Comment Name Resut  Expressio assign dissipations to the various components

Hat_Caze ] 0 -1 1o Sury, O for Cold, 1 for Hot

I;ock_Agay‘_b... ? ? 1PifLoc:rl;ingtEErevenitraFc‘:k‘ijr?gdu;itheta S—EEEE—: 152 ?g o Add a neW Symbol named Hot_Case:

QComp 6 & e e O Comp e 22 2 « -1 will indicate a survival case

ot S D O Comp D 2 2 « 0 will indicates a cold case

- _Camp_E 1 1 I

oL D2 2 O CompF 8 8 * 1 will indicate a hot case

OComef 88 0 Comp & 12 12 * Add a new symbol named Power_Scale

O_Comp_G 12 12 (_Comp_H 46 45 . . . e .

OCompH 46 4 Companent H disipates 46 whie 1 sl () Comp | 4 2 + All dissipations should be multiplied by this value to allow for a power

el g_gomn_i i : growth factor for sizing radiators in hot cases

e e e ] G Com . 48 « Add a new symbol named Lock_Array b90

B-Lome M2 : O Comp M 2 2 « This will be used later to handle the solar array tracking for Beta 90
M ame v \/SDIar Absorptivity [ Emigsivity ale * _Il?efm_e the materlal plrophertlesDas 2!‘10;NI’1_|[_)§|0W Th
NoRad 1.000 1.000 1.0 ype in Units; set to nches. Do this for too. Then type
SC_Blacktnodize 0,730 0.820 0,890 CLASSICINSERT to insert Sample_CAD.dwg to 0,0,0.
SL._BlanketEat 0.500 0.800 0750 1 | Name Cond[Wrn/K]  Dens[ka/in®3]  CpH/ka/K] EffEmiss  Tupe
SC_SilverTeflon 0.030 0.850 008 || or apminum 42413 00442451 896
SE_S Dlar.-'i'«rraj,l 0.710 0.820 0.366 SC_MLI_05 1] q 8222406 1] 0ns
SC_'wWhitePaint 0110 0.890 0124 SC_Titamium 01305 0.072103 R4l
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Preparing the CAD

g &g g

==
5. Mame

v 0

2 CAD Awvionics

« 0, Free.. L. P. Color

2 CAD Awionics_C
£ CAD Awvionics_N

£ CAD Deckl
£ CAD DeckZ
£ CAD Deck3
= CAD ESPA
£ CAD Inst
£ CAD_Misc
 CAD SA

= CAD Spacecraft

AutoCAD

@

08k ok k k ok ok ok ok %k ke
B8 8668600886808 L

= Ms
= Ms
= M
= Ml
= M
=
= W
=K
=R
= M8
= W&
= W&

e 099 D00 DD 0

7 objects changed to a frozen or off layer and

removed from the selection set.

Linetype

Continu...
Continu...
Continu...
Continu...
Continu...
Centinu...
Centinu..
Continu...
Continu...
Continu...

Continu...
Continu...

Lineweight Transp...
—— Defa...
—— Defa...
—— Defa...
—— Defa...
— Defa...
—— Defa...
—— Defa...
—— Defa...
— Defa...
—— Defa...
—— Defa...
—— Defa...

0

Lo TR o Y e Y e N T e Y s Y s Y e Y s

* LAYERSs are a good way to organize a model and prepare
N pescripion  CAD for use in building the thermal model. There is only
one layer that is current; this layer is where any new
& entities are added. Good practice to add CAD _ prefix in
front of layers for CAD geometry which groups them all
- together alphabetically.
. » Begin by adding new layers to divide the model into
useful groupings. Add all the layers as shown to the left
= with the Snowflake icon
5 * Visibility of layers can be controlled by either turning the

layer on or off (Lightbulb) or Freeze/Thawing the layer
(Snowflake/Sun). Nominally, freeze/thaw is better than
On/Off, but both are still available for legacy reasons.
Make all the newly created layers frozen. Can also adjust
transparency for all objects on particular layer

Objects can be selected at the main interface and their
layer changed by selecting the new layer in the toolbar
dropdown. Changing an objects layer to one that is
frozen, will impact that objects visibility. This is a good
way to start with larger, easier selectable objects and
move them to frozen layers and work your way deeper
into the CAD geometry
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Preparing the CAD

- Define the layers in the model as shown CAD_Avionics_N

on this slide

* Use tdPurgeBlocks command to remove
unused layers, blocks, groups, etc

» The rcVisOff command may be used to

turn visibility off for CAD when the object CAD_Deck3

can be selected. However, to turn on
visibility for an object not currently visible

for selection, might need to use ALL CAD Avionics C
option or Groups at Select Objects prompt - -
CAD_Misc ‘
CAD Deck2

*

FULL MODEL

y B e s -
) | : CAD_Avionics
| o
‘CA D _Inst
CAD_Deck1

.....
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Creating Orbits

Heating Rate Case Manager

Create New External Heating Environment
Curent Heating Rate Ca

New Heating Case Name:
[Cold_bad

Type
@ Basic Oibit

O Kepleian Drbit

O Planetary LatitudeLongtudeAlitude List
) Orbitel Sun/Planet R adius Vector List

() Fies Molecular Heating Yelocity Yector List

O Fiee Molecular Heating with Reference Otbit

O Celestial Coordinate System Location/Orientation

Display Or

Cancel Help

Basic Orbit  Orientation Positions  Planetary Data

[] Differentiate between Dark and Sun Side

Walue:

general  orbital

Add Import

Dekete Beta Angle: Degrees (Angle be
Capy
Rensn Altitude: kem
Edit Comp
t Cuirent it
Update

Calculated orbital period = 5562.23 5

Solar  Albedo R Planetshine Fast Spin  Comment

Basic Orbit  Orientation Posttions  Planetary Data  Selar  Albedo

0.829676 Win"2

Mame Fesult Expression
hBetatngle 1] 1]
hiEcoen 1] 1]
hirllur 1] 1]

heandnom

hiPeriodSec S56223  B562.23

hrPos 1] 1]
hrShadowE ntry 1.0934..  1.0994585..
hrShadowE it 25005... 25005444,
hrSubSolartd zananom E1130..  B11303e12
hrSubSalarT ruetnom B1130..  B11303e12
hrTirne 1] 1]

hiTimeSec

hrT ruednom 1] 1]

Comment

Qutput SINDA

CEERIRIEEA  [7)fiays Ouiput Thermal Deskio Symbol 2 SINDA Regster

(O) Output Resultant Value

-180 to T
-180to 180
Always in current uzer u

(®) Output Symbol Expression

I:‘ Qutput Integer

Cancel

Basic Orbit ~ Orientation Postions  Planetary Data 5o °

Since Beta angle varies between 0 and 90, multiple
orbits should be investigated. For this evaluation,
increments of 15° are probably good enough. Open
the Orbit Manager (rcManageOrbits)

Add a new orbit named Cold_b00 as a Basic orbit,
which needs only Beta Angle and Altitude for
trajectory information. Enter Beta Angle=0 and
Altitude=407 km. Note that the orbital period is also
calculated.

Since this is a cold case, it is advisable to enter the
cold biased environments. This could also be done
with Symbol overrides in CaseSets, but this might
force recalculation of the HeatRates when all that

changed are the fluxes. Best to have different orbits
« Use 1286 W/m? (Cold) and 1420 (Hot) for Solar
* Use 0.25 (Cold) and 0.35 (Hot) for Albedo
* Use 208 W/m2 (Cold) and 265 (Hot) for Planet IR

Accept the default of 12 positions, +Z (Nadir), and
+X (Velocity). Note that timesteps are created just
before/after eclipse entry and exit. Create Hot and
Cold cases for 0,15,30,45,60,75,90 beta angles
Edit the symbols (rcSymbol) and take note of all the
symbols now created on the orbital tab. Select the
indicated ones and edit.
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ESPA Main Structure

SLICE solid along YZ plane and select point about axis to yield
a Half ESPA.

Use Points to define cylinder, nodalized as Edge Nodes (17 x 9)
Select nodes indicated in Blue and Edit as a group. Make them
disabled to effectively make an opening in a surface

Alternately, you could Convert to FE (Thermal-Modeling Tools-
Convert Finite Difference to Finite Element) but this is a one way
operation

Elements can be deleted to make cutouts

Node - Multi Edit Mode

Dizabled for Cond / Cap and RadCaD Cales...

Subrodel: MAIN
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ESPA Ports Structure

» Selecting the disc will display the
grips (small blue squares). Each grip
allows some geometrical parameter
of the surface to be modified. The
right-most grip controls the outer
diameter. Note that if a geometric
parameter (e.g. Max Radius) is
defined as an expression, grip
manipulation is not allowed.

» Select this grip and drag it towards
the right. Select QUAD to snap to a
quadrant on a curve and pick the
point shown to the right with a green

- Using the port on the —Z side, diamond indicating the quad location.

create a disc using the center This has now sized the diameter to

point and a second point along that of the port. Other useful Object

~Z to define the axis. Accept the Snapsinclude: End, Mid, Int, Cen
remaining default parameters. * Nodalizing the disc with 9 angular/ 2

Note that this helps keep the radial divisions will create nodes that
axes aligned with the User can be then used to generate
Coordinate System (UCS). elements for the port walls.
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ESPA Ports Structure Walls

Recall that unlike surfaces, where
the node locations are defined by
the surface, finite element shapes
are defined by their nodes.
Therefore, to alter the shape of an
element, it is the node that must be
MOVEd.

This node moved to align with CAD
This node is in the process of being
moved to align with CAD using
NEAR snap point

4 nodes used to create element
using 1-2-3-4 order, following right
hand rule to make top side of
element facing outward

Continue to move nodes and make
elements for half of the port (on —X
side of Y axis) — should be 6

elements when complete

(Note for top and bottom nodes just
move them an approximate distance
along the Y axis to align with CAD)
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* Use the MIRROR3D command to
mirror the 6 elements about the YZ
plane using the lower point
indicated as the point on the plane

* Move the indicated points to the
new node locations so that the gaps
are closed out. Hint, the one in the
dashed circle may be easier to
select using a Selection Window in
Wireframe display style

* Perform a free edge check using
Modeling Tools-Show Free Edges

» Select FD/FEM Network-Merge
Coincident Nodes and select all
nodes. Use tolerance of 0.1 inches

.~ andrun the free edge check again.

U J » Rotate UCS such that Z is aligned

/7| with cylinder axis. Then use

ARRAYCLASSIC command to

create a Polar array of 4 objects

filling 360° to create the other ports.

Note that this command is always

about the current Z axis.
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List By Edit Display Query Options
Tree Actions  Help

*IRG L0 ANRED L
110

1001
1002
1003
1004
1005
1006
1007
1008
1009

324 objects selected
120 TD/RC Nodes

Dooooo000

120 INS (non graphical)
144 surface elements
A1l Selected Items Visible

Optical Properties for Suface Radiation Calculations

BUS_GBK v|

Radiation Cond/Cap |
Analysis Group Name, Acti
Top/Out:
Bottom/In:
Radiation Cond/Cap  Insulation Comment
Generate Cond/Cap
Cond Submodel: [ESPA -
Gen Nodes: Based on material property v
Material Thicknessin)
EESES ~| o5 |

* MLI_05 property has a mass of 0.6 kg/m3.
Making the thickness 1 m allows MLI mass to
be estimated (Model Checks-Calculate Mass)

** Using Offset of 100000 for Top and 200000
for bottom allows MLI nodes to be easily
identified in SINDA output using ID < 99999

Radiation Cond/Cap Insulation  Comment

Put on top/out side P Stack Manager
Top/Out Side Material/ Thickness
(®) Single Material
Materisl: ~ [MLI_05 ~|
Thickness: in Number of Nodes:

() Multiple Materials (Stack)

Stack DEFAULT

Top/Out Side Node Mumbering/Creation

Model Checks-Display Sides Preferences:
select Top Side and Display. If any are
incorrect, you can reverse the connectivity
using Modeling Tools-Reverse Connectivity
of Planar Elements/ Meshes. |If there are
many, might be easier to use FD/FEM
Network-Synchronize Element Normals

Edit all Surfaces and set the following:
* RADIATION: Active: Both
RADIATION: Top/Out: BUS_GBK
RADIATION: Bottom/In: BUS_AlBlackAnodize
COND/CAP: Cond Submodel: ESPA
COND/CAP: Material: Al 6061-T6
COND/CAP: Thickness: 0.5 in (as expression)
INSULATION: Put on Top/Out Side (checked)
INSULATION: Material: MLI_05
INSULATION: Thickness: 1 m (as expression) *
INSUALTION: ID Offset: 100000 **

Edit all nodes and set Submodel to ESPA
Modeling Tools-Resequence ID’s... and
select all nodes. Use starting number of
1001 and offset of 1

Check the ModelBrowser to see that the #
of nodes, surfaces, and insulation match.

Offset Node Ids Only w
ID Offset:

MAIN
Calc Type: Based on material property w
Initial Temp: EI C

Z-2022
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Conductor Submodel:

Contact From

Enabled for Cond/Cap Calcs...

Decks 1-2

£dd Code For Conductor

&

[Deck 1to ESPA (24 bohs. 2 W/Ksboht}

ESPA | Bt

Edges ~

Conduction Cosffisient (Conductance/Edge Lenat

Input Valus Type: | Per Arsa Or Length
[JUseMateisl  DEFALLT
[Radiation ] Oneway
[ Use Angular Sealing

Use Radial Sealing

[ Use Insulation Nodes

Inputs For Connection Algorithm

[——
Tokance .

[ &pply Thickness for Double Sided Only

Fram [1):

Select units for. Conductor/Length

Energy J +|  Length

Time: s ~| Temp K
Expression:

242/ (PF230]

Comment

Assume 24 bols around at 2 WK /Bt aver circul ference

(®) Paint Algorithm
MasCheck Objects: ¢ |

DAdd to edge conductance for centered nads
2D primitives excluding polpgon/mesh types

(144):

Disk[MAINI:1C1D Max Radius:

Tao

Quad Elem[ESPAL: 2547 A
Quad Elem[ESPAL 2548

Quad Elem[ESPAL: 254D

Quad Elem[ESPAL: 254E

Quad Elem[ESPAL254F

Quad Elem[ESPAL: 2580

Q

uad Elem[ESPAL: 2581 v

FZE GREOEDE

Help Show Calos

* Make disk for each deck with an Edge node
definition, 25 nodes Angular, and 9 Radial.
Since the decks will either act

« After turning the visibility of the ESPA on, it can
clearly be seen that some of the deck protrude
through the ESPA walls. Shrink the radius a
bit to ensure the internal deck does not
protrude through and view space (R=28.5")

* Now that the disks are not protruding through,

they can be contacted to the ESPA walls using

a contactor from Deck 1 to all ESPA surfaces

» Use Edges with an expression value of 24 * 2/ (PI *
30) and Per Area or Length

* Ensure only Max Radius is used

» Specify a reasonable tolerance (27)

» Point algorithm is the only one available for Edge
Contactor. Ray Trace generally preferred for Face
type contactor

* Add Description in Comment field

» Click Show Calcs to verify contact made.

Repeat for Deck 2 Only. Hint: Use Modeling
Tools-Copy Properties from Master

s
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Deck 3 has large cutouts to accommodate.
Begin by converting the FD disk to FE

Delete elements inside cutouts and remove
orphaned User Nodes

Move nodes to reshape elements. Easy to
move from Endpoint to Midpoint to shrink
elements and ensure nodes stay in plane.
Can also move to Nearest if edge exists to
snap to. Third option is to ensure the UCS XY
aligns with the desired plane and move freely.
Repeat for each quadrant OR Delete Quadrant
elements and use ARRAYCLASSIC (Don't
forget to merge nodes)

Now make an edge contactor from all outer
edge elements to the ESPA surfaces selecting
the First Edge for all From Surfaces
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Deck Thermal Property Assignments

 Deck 1:

* NUMBERING: Submodel: DECK 1

« NUMBERING: Starting ID: 1001

« RADIATION: Active: Both

« RADIATION: Top/Out: SC_WhitePaint

» RADIATION: Bottom/In: SC_BlackAnodize
« COND/CAP: Cond Submodel: DECK 1

« COND/CAP: Material: SC_Aluminum

« COND/CAP: Thickness: 0.040*2 (as expression
with comment Honeycomb, 2x 40 mil facesheet)
* Deck 2:

« NUMBERING: Submodel: DECK_2

« NUMBERING: Starting ID: 1001

« RADIATION: Active: Both

* RADIATION: Top/Out: SC_BlackAnodize

* RADIATION: Bottom/In: SC_BlackAnodize
« COND/CAP: Cond Submodel: DECK 1

« COND/CAP: Material: SC_Aluminum

« COND/CAP: Thickness: 0.040*2 (as expression
with comment Honeycomb, 2x 40 mil facesheet)

Note: setting a starting node number of 1001 (or
something other than 1) allows quick identification of

surfaces whose node assignments have been addressed

* Deck 3: Since this surface was broken out into
elements, the node numbers cannot be assigned via
the element definition. Instead, the nodes must be
selected and edited. At this point, all of the nodes
should be in the MAIN submodel, making it relatively
easy to select them from the model browser for
modification. Set the submodel to DECK_3

* Deck 3: edit all the elements associated with the
DECK_3 nodes and set as follows:

RADIATION: Active: Both

RADIATION: Top/Out: SC_BlackAnodize
RADIATION: Bottom/In: SC_BlackAnodize
COND/CAP: Cond Submodel: DECK_3
COND/CAP: Material: SC_Aluminum
COND/CAP: Thickness: 0.040*2 (as expression
with comment Honeycomb, 2x 40 mil facesheet)
INSULATION: Put on Bot/In Side (checked)
INSULATION: Material: MLI_05

INSULATION: Thickness: 1 m (as expression)
INSUALTION: ID Offset: 100000
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Quick detour into Mesh Controllers

Mesh Generation Parameters
TD FEM Mesh Controller

Element Size

Mesh Preview

Generate Preview...

SetLabel...

Display Preferences...

Max Turning Angle:

EM Mesh Properties

Edit Node Properties. ..

[ Generate Surface Mesh Pravien

EE b Generate Solid Mesh P

Edit Solid Properties...

TD FEM Mesh Management

Generate Preview

TD FEM Status:

Generate TD FEM Mesh from Preview

Delete TD FEM Mesh

Release from Controller Does not exist
v \mm_EdiyMesh Displayer

del Display Mode
(O Wwireframe Dutling
(O \wireframe exterior faces [hidden intemal fag

(O \ireframe interior and exterior faces

extenion faces

TD FEM Mesh Controller

Mesh Preview

SetLabel Display Preferences. ..

TD FEM Mesh Properties

Edit Node Properties...
Edit Surface Properties..

Edit Soid Properties...

TD FEM Mesh Management

O Fraction of Max Dimension: o

i =

Preview Status:

Does ot exist

T FEM Status:

Does not exist

Help

Mesh controllers are offered in Thermal
Desktop, but generally, the CAD needs to be
very well conditioned to be able to use them
effectively. Turn on only the CAD on the ESPA
and Deck_3 layers, but turn off the visibility for
the instrument brackets

Begin with creating a Mesh Controller for
Deck_3 (tdMesh). Select the blue part and
click Generate Preview. The options for mesh
control are fairly limited and based on a
characteristic length. Enter 3 inches and click
Generate Preview.

The Wireframe view can be difficult to interpret.
Select Display Preferences and select Shaded
Exterior Faces. Change the Absolute size to 5
and note differences in the generated mesh.
Go through the same exercise with the ESPA
using both 3 and 5 and note how much denser
this mesh is. With all the holes, chamfers and
fillets, this part is not suitable for a reasonable
thermal mesh.

If a mesh is good enough, the preview can be
assigned to the Mesh Controller after defining
the properties.
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Components - Deck 1

= CAD_Avionics

= CAD_Deckl

Add to List:

Substitute

Add Selected Object <

Edit tem Delet Clear List
Named Filters
Current: “unnamed ~
saers | [ ]
Delete Cument Fitter List
Apply Cancel Help

Rect[MAIN]:2C89

Subdivision

Translation X:
Translation ¥:
Translation Z:
Fotation 1
Rotation 2:

Rotation 3:

Mumbering Radiation Cond/Cap Insulstion Surface

Trans/Rot

Begin by turning all objects visibility off (rcVisOff All). Then turn
on layer visibility only for only 0, CAD_Deck1, and CAD_Avionics.
Lastly, turn visibility on for only objects on the CAD layers of
interest (rcVisOn ffilter): Note the ‘ invokes the filter command
transparently (i.e. within another active command)

Within the Filter command, first add a Begin OR to the list, then
add Layer=CAD_Deck1, next add Layer=CAD_Avioncs, lastly
add an End OR. Select Apply and type in All at the Select
Objects: and hit return again.

Only the Boxes and Deck1 should now be visible. Turn the
visibility on for the DECK1 submodel through the ModelBrowser.
Type in rcRectangle and Click points 1,2, and 3 shown to left.
This makes a rectangle for the base of Component |, with the
bottom side facing the deck.

On the Trans/Rot tab, update the Translation Z to 0.1 in. This will
“move” the origin of the rectangle up by 0.1 in along the surface Z
axis. This ensures a small gap will exist between two surfaces
that may be coplanar in the CAD.

Make a contactor between the rectangle baseplate (Bottom) and

the deck disk (Component | to Deck, Faces, Submodel: DECK_1, Per
Area or Length, 0.8 W/in2 K, Ray Trace, Uncheck Apply Thickness,
Tolerance:1). Show Calcs. If no contact is made, increase Tol=2.
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Components - Deck 1 Heat Loads (Part 1)

* Add Symbols for each Component Dissipation

New Symbol Neme: _[0_Comp M ] Add .
eeeeee ‘ o ———1 (rcEditSymbol) as shown to left
o ot [ [ acows & & | w ° Adda heatload to the surface representing Component
s bl o 2w | A (rcHeatload). Set the following values:
Toms w0 O Comp D 2 2 » DESC: Dissipation for Component A (66 W)
EEESEEEL 34 34 omponent H dissipates while in eclipse an while in sun, unless the orbit is full sun, g_gomD—E 18 18 Find o SUBMODEL: COMP_A
EEEE:E:E zg zg oot 610 o ittt oo, e g St 1) Q:ComE:G 12 12 o « VALUE: Q_Comp_A * Power_SCa|e and output as expression in Editor
0_Comp_H 46 46 Bt | o . _ i i
opomet - Repeat _for Components B,E-G,I-M assigning
O_Comp. 9 3 appropriate names for each HeatLoad
(_Comp_K 30 a0 . . . .
OComol 48 4 » Using the LogicManager (rcLogic), create a new Logic
- : Object by Right clicking-Create-User Text Input

HEADER/SUBROUTINE.

» Define this as Submodel Based Input, Variables 0 and
enter the Comment and Logics as shown below. Recall
the orbital symbols were output as SINDA registers and
can now be referenced in the logic code. Note that the
values will change with the orbit used in a CaseSet

Double Click here for
Enabled for Cand/Cap C: ExpreSSion Editor

N |[ﬁ:ﬂ'pdinnnnCmmml!lA(EE w) / ‘
7

Submodel [COMP_A )y d ~]

Type: Constant Value v
Heat Load (W]
@ Tetal Load O Flux

Total Area = 1728377 in"2

[IPut heat load inko Irsulation nodes

Apply on Surtace User Code Edit

‘HEEI[MA\N] 2043 Top

& wgwn

Select unitz for: Heat Rate Enabled for Cond/Cap Cales

Comment : |EclipsE/InSun Dissipation for Component H

Erergy: J ~ Logic Manager
Thie < - All Logic Objects (0 object) Submodel Based Input |c\o1m_1—1 v| [Time Depe
Create > Array... ¥ Code / Called once for steady state solution / once per transient time step.
Import PID Controller M IF (hrTimeShadowEntry.LT.0.0) THEN
M 0_COMP H = 0.0 $ Full sun orbit
User Text Input HEADER/SUBROUTINE = =
Brmesdun Export T et inp! e M ELSEIF { (MOD(TIMEN,hrPeriod) .GT.hrTimeShadowEntry) .AND.
- . Metion... > M 1 (MOD (TIMEN, hrPeriod) .LT .hrTimeShadowExit)) THEN
|Q_C0ml:'_ﬂ Pawer_Scald Close All Expanded Groups P e e M Q_COMP_H = 4€.0 3 COMP_H in eclipse
M ELSE
SR © 22 W and 40 min to recharge. Spread this out over 56 minutes (shortest in sun period)
. Convergence Waivers M Q CoMP H = 22.0 * 40. / 5€. 5 COMP H in sun for eclipse orbit
Output Above Expression To SINDA H =NDIF
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[«
¢

Enabled for Cond/Cap Calcs...

While Component H’s dissipation depended on eclipse,
Component K and L have a fixed cyclic behavior (60
min period) independent of orbital position.

Comment : |Cumpcment E and L dissipation profiles

» Create another Logic Object as shown to the left. This

Submodel Based Input e |DOHP_K

/ Called once for steady state solution / once per trans:

M ERENEREERR R REERON R EERREE R R RR R PEREEEREEREROO00000000 000

Hot Case:
7 min: 20 W for Component E, & W for Component L
7 min: 20 W for Component E, 42 W for Component L

4€ min: 0 W fo: Cnrcmenl: 4 iﬁ for Compoennt L
e BlOCK

7 min: 30 W for Component K, 48 W for Component L
53 min: 0 W for Compoennt K, 8 W for Component L

Surv Case:
€0 min: O W for Component E, & W for Compoennt L

Establish Steady State time averaged values
IF (N5CL.LE.1) THEN
IF(Hot_CASE.EC.0.0) THEN $ Cold Case
©Q_COMP_K = (30.0 * 7.0) / €0.0

QCOMP L = (B.0 * 7.0 +43.0 * 7.0+ 8.0 *

:‘ ELSEIF (Hot_Case.GT.0.0) THENW 3 Hot Case

Q COMP K = (20.0 * 7.0 + 30.0 * 7.0) / €0.
U Q COMP L = (48.0 * 7.0 + 8.0 * 53.0) / €0.

O ELSEIF(Hot_Case.LT.0.0) THEW $ Surv Case
©Q_COMP_K = 0.0

m Q@ COMP_ L = 8.0
ENDIF

ELSEIF (MOD(TIMEN,2€00.0).LE.420.0) THEN % O-

IF (Hot_CASE.EQ.0.0) THEN
m Q COMP K = 20.0
Q_COMP_L = 48.0
_\/ ELSEIF(Hot_Case.CT.0.0] THEN
O Q_COMP_K = 20.0
Q_CoMP L = 3.0
o ELSEIF {Hot_Case LT.0.0] THEN
— Q_COME_K = 0.0
(an) Q COME L = 8.0
ENDIF

ELSEIF (MOD(TIMEN,3€00.0).LE.&40.0) THEN 5 7-14 minutes

IF (Eot_Case.EQ.0.0) THEN
Q COMP E = 0.0
Q COMP L = 48.0
\/ ELSEIF(Hot_Case.GT.0.0) THEN
()  QCoMEE = 30.0
Q COMP L = 48.0
@] ELSEIF (Hot_Case.LT.0.0] THEN
ey Q_COME_ K = 0.0
(an) 0 COMP L = 5.0

ENDIF

ELSE 5 14-€0 minut

mm_wﬁlock 5-Typeass

B COMP_F

.20 Heat Lo Disipation on Component FICOMP_F1:2CF the current time in SINDA (TIMEN) and the MOD function

o e Comperen MR 27 * Fourth block assigns transient dissipations for 7-14 minutes
i Cowy e enCempone (EONP SRR « Fifth block assigns dissipations for 14+ minutes or survival

[} 111 Heat Load-Dissipation on Campanent JICOMP_I]:2CEC . . P
SO s | 1he MOD function returns the remainder after dividing
E COMP_L . .
o s e oo 0525 argument 1 by argument 2. So, using the current time

1 Heat Load-Dissipation on Companent M[COMP_M]:2CED

v [mmoeme  ong controls the dissipation assigned for Components

N Somple el K and L for steady state and transient analyses

Edit Display CQuery Options TreeActions Help

mmmmmoasmEd<[ |« First block is preceded by “C” and are comments
B » Second block preceded by “M” checks to see if solution is in

1 Heat Load-Dissipation on Companent A (66 W)[COMP_AJ:2C]

] steady state (NSOL<=1) or transient (NSOL>1). If steady, then

1 Heat Load-Dissipation on Component BICOMP_B]:2CE8

B e e ot hacen the time averaged values are assigned
Ly S ——— « Third block assigns transient dissipations for 0-7 minutes using

jssipation on Companent

and the period returns the local time in a cycle. While

e this may be able to be accomplished using a time

Edit Display Query Options Tree Acti

“iff.,';’”ff” — dependent heat load, the logic offers greater flexibility.

. Dbjects with Output To SINDA Enab\ed

gy st e o ol s » Assigning all the Heatloads as expressions allows the

§Eﬂ}§; v,“b%3;;}55’:;};“’5%7;} --wen values to be updated during the SINDA run and applied
~ecvorscs  gg assigned. If not output as expressions, then the
—wumoesn  resultant (constant) value would have been assigned.

—eomeowszce ¢ |Js€ the ModelBrowser (rcModelBrowser) to visualize

onent K (Varies)[COMP_K]:2CEE

onent L (Varies)[COMP_L]:2CEF

~—mnewcowsco DY Heatload and Symbol Usage to check that heatloads

deliberate errors mtroduced are defined and properly reference Power_Scale
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Component H (Part 1)

+ Component H is a different from the other components
St by iifalation Y mounted to Deck 1, in that it is isolated from the deck and uses
its own top panel to radiate to space with the other walls and

editActivePrefs baseplate being blanketed. For now, assume the isolation is

‘ perfect, but it will block the deck’s view to space. In this area,
it is desirable to put insulation and change the properties.

» Build the 6 rectangles to represent the box. Make it 0.2” thick,
Aluminum for all sides. Add MLI to all but the +Y face with

Vie Alpha SC_BlanketExt facing outward and NoRad facing inwards.

-I IAD Unts | Graphics Visbity ¢ Make only outward facing surfaces active. Nodalize it 3x3x5
rcPiotSolAbs Global Shaw Options edge nodes with 5 being along the long edge. Be sure to
B T/RC Nodes assign the COMP_H submodel and use a starting ID of 1001.

[] User Defin

* To adjust the MLI on DECK_1, the Override features will be
‘ used to assign MLI and different properties to specified nodes.
. But first those nodes need to be identified...

.:-;" ".e*, * ltis desired to turn on just the nodes associated with the deck.
wfsee .« The following steps allows this to be done:
S . Use rcPreferences to globally display only surfaces and nodes
. In ModelBrowser, Display Only DECK_1 and COMP_H
. Disable Global Surface visibility
. Manually turn off visibility for all nodes shown (rcVisOff)
. Enable Global Surface visibility again.
. Turn on Node IDs (rcNumbersOn) and select DECK 1 disk
. Turn off Node IDs (rcNumbersOff) and select DECK 1 disk
Turning node numbers on automatically will display nodes

as well if the global visibility is on

Units ~ Graphics Visibility = Gray

Global Show Cptions
TD/RC Nodes

[[] User Defined Nodes

.....
°

000000

*
° ° °

NO O~ WN -
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Fant:

Show
Mode

Scale

MNodes

Component H (Part 2)

sﬁesolucn Graphics Text %Iculati

og

Display

Submodel.Id

V| ] Show Node Submodel Names

1094

1066

Now that only the deck, Component H, and the Deck nodes
are visible, it is time to find the nodes to over ride. Type in
—VPOINT and enter 0,1,0 to view the model from the +Y axis.
Turn off the visibility of the top and bottom panels of COMP_H.
Any nodes completely enclosed within the rectangular sides
should have their node numbers turned on. But including the
submodel may get a bit cumbersome. Turn off the submodel
display (rcPreferences-Graphics Text Tab-Show Node
Submodel Name-Uncheck)

Turn on node numbers (rcNumbersOn) and then type in “w” to
indicate a window selection, which will only select objects
completely enclosed in the window. For symmetry, manually
select the remaining nodes indicated to the left.

Rotating about the screen axis (3dforbit) makes it easier to
see. Clicking and dragging outside the green circle rotates the
view about the screen Z axis. Clicking and dragging about the
+/-90 locations rotates about the screen X, clicking and
dragging about the 0 and 180 locations rotates about the

screen Y axis. Clicking inside the large green circle

allows free rotation of the model 9
Turning off surface visibility (rcPreferences or use the “y
rcToggleSurfaceVis command). There are toggles for 0,
Nodes, User Nodes, Surfaces, Solid FE, HeatLoads / Jy
Heaters, Conductors and Contactors. +,

o2

o4

Thermal Modeling and Analysis at GSFC - 2022

132



Component H (Part 3)

Subdivision Mumbering Radiation Cond/Cap Insulation  Suface  Trans/Rot

Put ontop/out side P

Stack Manager

Top/Out Side Material/ Thickness

@) Single Material

Material:

[sc_mui_os -

Trckness: [ Jn

(O Muttiple Materials (Stack)

Stack: DEFAULT

Top/Qut Side Node Numbering/Creation

Offset Node Ids Only

1D Offset
MAIN

Calc Type:

Initial Temp:

Ovenides...”

Based on material property

Number of Nodes:

[ Put on bottom/in side | P

Erter the suface nade names that will have
insulation placed on them [One name per line)

» o

Cancel
0K Cancel Help
Subdivision Numbering Radiaion Cond/Cap Insulation Suface Trans/Rot

Analysis Group Name, Active Side

Enter Nodz Name, Optical Property (e Set Per Ling)

Optical Properties for Suface Radiation Calculations

Top/Out [sC_whitePaint -]

Bottom/In [5C_Biackanodize ]

DECK_1.101001, 8C,
DECK_1.101002. &€,
DECK_1.101003. &C,
DECK_1.101004. 5C
DECK_1.101005. 5C,
DECK_1.101006. 5C,
DECK_1.101007, 5C
DECK_1.101008, 5C_
DECK_1.101009, 5C
LEL 01010, 5C

0
="DECK_1.10" & A2 &",5C_BlanketExt" o

o |~ o v W=

A g C D E F Juiois.sc
Node MUl Propel R
1001 DECK_1.1001 |DECK_1.101001,5C_BlanketExt g}glggg
1002 DECK_1.1002  DECK_1.101002,5C_BlanketExt 01020, 5C

1003 DECK_1.1003
1004 DECK_1.1004
1005 DECK_1.1005
1006 DECK_1.10006
1007 DECK _1.1007

DECK_1.101003,5C_BlanketExt
DECK_1.101004,SC BlanketExt
DECK_1.101005,5C_BlanketExt
DECK_1.101006,5C_BlanketExt
DECK _1.101007.5C BlanketExt

Note: f the node you are overiding has insulation on it. yW’
insulation node id A
Cancel

Now that only the nodes are known to
modify, edit the DECK1 disk and add MLI to
Top Side with values as shown to left.

Click the Overrides button and enter each
node number where MLI is to be added
including the submodel

Display MLI assignments (editActivePrefs)
and note that only the nodes indicated show
MLI (green). All other nodes do not have
MLI (red).

Edit the disk again and move to the
Radiation Tab and click the Top Side
Overrides button. Add a similar list of Node
number with submodel followed by a comma
and then the name of the Optical property to
use instead. Note that if you are applying
the property to insulation, you MUST specify
the MLI node number and not the underlying
surface node number.

Visualize by Solar Absorptivity to ensure
correct property assignments.

Making the lists of these overrides is more
easily done in a spreadsheet and then
copied and pasted into Thermal Desktop
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Component H (Part 4)

Heat Load Edit Form

Enabled for Cond/Cap Cales

Mame: |[ﬁsﬁpaion for Component H ‘

Submodst: |COMP_H v

Tupe: Constant Yalue e

Heat Load i
(@) Total Load (O Flux

Tatal Area = 266.2155 in"2

WY oo Method
RectCOMP

(®) Area \Weighted Average Temperature
() Marimum Temperature

() Mimimum Temperature

() Input User Logic

Edit...

m—
Apply Load on Modes

Carcel

Note: Steady state can be tricky.
Set to midpoint utilizes boundary
nodes and might cool. Set
Power implies knowing a priori
the best value to use. Damped
Proportional is generally
preferred, but can lead to
unstable SS performance

Heater Edit Form

Enabled for Cond/Cap Calcs,

Name: |Cmnpmm H Survival Heater |

Logic Submodel | COMP_H ) |

Reaister appen 1 string{ COMP_H_Srv

Input Yalues

Heater Power W

Steady State

() Get Sensors To bid Point Temperature

(®) P () Flus (O Set spplied To Mid Paint Temperatures
() Set Power
Propartional Off %
[ Transient Scaling Edi.. (®) Proportional
Propartional Steps Diamp Factar: 0.05
Sense Method... Program Sense Method...

Pre Logic... Post Logic...

[ Use Insulation nades if possible

>

([ Sensze Temperatures on Modes

e

00511 Too (S e 00 2
| Sense Temperatures on Nodes
Sense Temperatures on Surlace Edges
Sense Temperatures on Suface/Modes

COMP_H.1027:2033 Top
COMP_H.1026:2D38 Top
COMP_H.1007:2CF4  Top
COMP_H.1008:2CFE  Top
COMP_H.1009:2CFC Top

+ 2w ¥ L8 0REW

Cancel Help

+ 2w ¥ B L8 0A

Note: using symbols and outputting
as expressions for the On and Off
points allows for the greatest
flexibility. During a run, setpoints
can be set very high to fail on or
very low to fail off.

Now that only DECK 1 is updated, the
remainder of Component H can be defined.
Apply a heatload (rcHeatload) to the
baseplate surface. Assign Q_Comp_H and
output as expression..

Next apply a heater (rcHeaterNode) to the 3
central nodes on each box side but assign the
sensing node as the central baseplate node.
Note that the toolbar button is for rcHeater,
which expects surfaces to be selected.

The heater object can apply either to nodes or
surfaces, but not both. Similarly, it can sense
from either nodes or surfaces. Selecting the
dropdown above the Apply listbox and Sense
listbox allows the user to specify this but will
clear any existing entries.

Sense method can be used to specify a
sensing other than average. Similarly,
proportional control may also be specified

If a flight heater has a fixed power mode, it is
easy to turn a heater into a heat load by
setting the On and Off points very high (e.g.
ON 999, OFF 1000), which forces it always on
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Component C/Pyramid - Deck 2

User Preferences
Units ~ Graphics Visibility ~Graphics Size Graphics Resolution  Graphics

Global Show Options
TD/RC Nodes

TD Direct Importers

Wireframe display
of thickness gives a
good reference to
CAD thicknesses.
Easier to compare
to CAD than
contour plot of
thickness

Begin by displaying only the CAD objects on Deck 2
and Components_C. Add user nodes (rcNode) at
each of the vertices as indicated. Create 4 elements
with the normal facing out to represent each side of
the truncated pyramid and one more for the top.

Use Refine Elements (rcRefineElements) to subdivide
a single quad FE into 4 Fes (or 1 Tri into 4 Tris).
Perform this twice to get a 44 mesh on each side.
Then delete the center 4 elements from each side as
well as the central node. Lastly, move each node on
the inside to the midpoint of its corresponding element
Merge all nodes, renumber starting with 1001, and

update the elements:
— RADIATION: Active: Both, BlackAnodize both sides
— COND/CAP: Aluminum, 0.1575 in thick, COMP_C_MOUNT

Check thickness against the CAD. (rcPreferences-
Graphics Visibility-Wireframe Thickness

Add a conductor (rcConductor) form each pyramid
corner to the closest node on the Deck 2 disk as well
as at the midpoints. This will represent bolt locations
from the mount to the deck of 1 W/K per location.
Note that it is possible to add additional To nodes after
the initial conductor creation. Can also make a node
to Surface conductor (rcConductorMultiNode)
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Current Thermophysical Property D atabadg ;
Sample_Model tdp

Aliag Mame

Alias Name: ALlAS_COMP_N

Subdivision Numbering Fadiation Cond/Cap  Insulation Comment Trans/Rot

e Cond/Ca
ond Submodel: | S]] ~
Gen Nodes Based on material pro

Material Thickness(in)

ALIAS_COMP_N ~] [0033 |
ALIAS COMP_N -> SC_Titaniurmn Cond: 0.1905 W/in/C Cp: 340 J/kg/C Density: 0.0721031 kg/in"3 |

DErAULT

DEFALLT 0.0353701

Core

eeeeeee

Begin by displaying only the TD objects for Deck_3
and the CAD objects for Component_N. Copy the
bottom left component from 0,0,0 to 0,0,30. When
moving something a relative distance, it may be easier
to simply enter the points instead of clicking on CAD
points. Slice the copy in the YZ plane using the center
as a point on the slicing plane. Lastly, create some
construction lines as shown.

Create a sphere (rcSphere) clicking on Points 1,2, and
3 as indicated. Accept the defaults for the rest. Set
the Min Height to 0 to make it a hemisphere. Create a
second sphere for the bottom and a cylinder for the
mid band. Nodalize the spheres 9 angular x 5 height
and the midband 9 angular and 2 height. Merge all
the nodes and renumber starting with 1001.

Create an alias for a thermophysical property
(editThermoAliasinfo). Aliases are placeholders for
properties that can be overridden in a CaseSet when a
property is not yet established. Name them beginning
with ALIAS _ to identify it as not a standard property.

Update the three surfaces:

* RADIATOIN: OUT=BlanketExt, IN=NoRad ACTIVE=0ut

+ COND/CAP: Thick=0.033, Material=ALIAS_COMP_N,
Submodel=COMP_N

* INSULATION: Top, MLI_05, OFFSET=100000

HINT: Hover over the material to display a tool tip with

values or alias references
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Thin Shell Model Data - Multip

Resequence Node IDs

Resequence nodes in Submodet |CDMP_N

Starting node number: 10

100

Add increment to existing node number

| ok |

Mode number increment:

Cancel Help

Expression;

face Edit Mode

Add Spmbol...

[Thickness — Coumen:

Conductor Submodel

Contact Fram: Edges

Length [-], U-scaling factor [-]

Conduction Coefficient [Conductang

- ‘|
0.9+

Input Value Type: | Absalute - (Tg

[Juse Materist  DEFALILT

[Radaton (] One'way

Use U Sealing

——ac_._.cc__cc_._..:.:__
=)

UseV Sealing

[ Use Insulation Nodes

Inpus For Connection Algorithm

Integrations Intervals:

|

Tolerance:

[ spply Thickness for Dovble Sid

01:‘

T Sy Ik

Fram (4]
CylinderCOMP_NJ:2EA3 Max Heid 00 02 04 0.8 1.0

0.6
CylinderCOMP_NJ-30FS  Max Heig Length []

CylinderCOMP_NJ:313E  Max Heig Dynamic Platting

Create four constrtiction’[ifies selecting QUAD as the object
snap point at the top of each dome. Turn off the CAD for
Component N and the TD objects for DECK_2. Copy the
three Comp N surfaces only from point 1 to point 2. Merge
the new nodes if needed.

» Select the three new surface and re-sequence the
node IDs (ResegNodelnfo). Make sure the box is
checked to Add Increment to existing node number
and set it to 1000. Click OK and the second version of
Component N will be in the 2000 range. Repeat for
the other 2 versions of component N (3xxx and 4xxx).
HINT: this could be done by copying both versions and
setting the increment to 2000

* Now move all 12 surfaces from 0,0,0 to 0,0,-30 to re-
place them back at the original position. It may be
easier to build portions of the model some distance off
to the side and move it into position when complete.

» Edit all 12 surfaces and go to the Insulation Tab. Click
the P button beside the Top/Out side checkbox. Click
Add Symbol with a new name of MLI_On_Comp_N
and a value of 1. Enter the new symbol name in the
expression editor. A 1 indicates that this surface
should have MLI; whereas, a zero would indicate no
MLI. This symbol could be overridden in a CaseSet to
explore these two options.

» Add an edge contactor from the 4 central cylinders to
the entire Deck 3. Make it an edge contactor using
the Max Height for each cylinder, with a tolerance of
0.5 and a magnitude of 1.6 (4 * 4 * 0.1) and absolute
contact
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NOTE: Even though the
surfaces “cut” throug 2]
each other, contact will

still be made based on
edges and tolgrances

[N Sample_Model.dwg

List By Edit Display Query Options Tree Actions Help

FIR G R0 ANIRED (|

Heater Tree

- [8f1] COMP_H

=-[6f1] COMP_N
---J.gj_ Heater-Comp N1 Heater Bot (7/14, 10 W)[COMP_N][N_1_Bot]::3195
---J.gj_ Heater-Comp N1 Heater Top (7/14, 10 W)[COMP_M][N_1_Top]:3194
---J.gj_ Heater-Comp N2 Heater Top (7/14, 10 W)[COMP_MN][N_2_Bot]::319%
---J.gj_ Heater-Comp N2 Heater Top (7/14, 10 W)[COMP_M][N_2_Top]:3198
---J.gj_ Heater-Comp N3 Heater Bot (7/14, 10 W)[COMP_N][N_3_Bot]::3157
---J.;l Heater-Comp N3 Heater Top (7/14, 10 W)[COMP_N][N_3_Top]::3196
---J.;l Heater-Comp N4 Heater Bot (7/14, 10 W)[COMP_N][N_4_Bot]::3198
Bl Heater-Comp N4 Heater Top (7/14, 10 W)[COMP_N][N_4_Top]:319A

Enabled for Cond/Cap Cales,

e [Comp N1 Heater Bot (7/14. 10 W) |

Logic Submodst ~[COMP_H

Fregister append stiing|N_1_Bot

Input Values

HeverFoner [0 w

[ Use Insulation nodes  possible

Apply Load on Nodes ~

Steady State

() Set Sensors To Mid Point Temperature
() Set Applied To Mid Paint Temperatues
Oifset Temp: 0 C
() Set Pawer
Power Percentage: |50
®) Proportional

Diamp Factor:

Sense Temperatures on Nodes ~

COMP_N 1025:2F8F  Out
COMP_N 1026:2F50  Out
COMP_N 1033:2F38 Ot
COMP_N 1034:2F33  Out
COMP_N1027:2F51 Ot
COMP_N.1028:2F32  Out
COMP_N.1023:2F33 Out
COMP N.1035:2F94  Out

~ COMP_N.1041:2FA1  Out

*owH GLR0RAED

0K Can

+ 2% # B L% 0A T

cel Help

Showing the contactor markers highlights how
connections are made at only the quadrant points on
Component N. This “masking” could be used with a
box baseplate to only make contact along the
midpoints and/or at the corners if desired.

Turning on only Comp_N nodes 1000-1999 shows a
single instance. Setting the viewpoint (-VPOINT) to
0,0,1 allows for easy selection of the bands of nodes
to select for the application of a heater.

Create a new heater on nodes (rcHeaterNode).
Clicking the top left location of the blue Window and
dragging to the right selects via a Window (where only
objects contained completely within the boundary are
selected). If dragging instead to the left, it becomes a
Crossing, where any objects crossing the boundary
are selected). Uses can specify W or C (or even WP:
Window Polygon or CP: Crossing Polygon) if desired.
Select the two latitudes of nodes for Heat Applied and
the Pole for Sensing. Apply the values as shown to
the left, adjusting for the Comp_N # and Location.
Note that the applied heat locations are indicated with
arrows pointing in towards the surface, whereas the
sensing location is indicated by an arrow pointing
away from the surface
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Model So Far
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Solar Array

“Working Mode
) dlways

@) In Sun Only
() In Shade Only
() Between Anomalies [deg)

Start: ]
End 360
True Anomaly
Mean Anomaly
(O Disable [Never Working)

Program

Display

Help

Create 4 rectangles for the solar panels: Nodes 1001-1004,
Submodel: SOLAR_PANELS, Active: BothTop:SC_SolarCells,
Bot: SC_WhitePaint,, Material: SC_Aluminum, Thick: 0.08. The
yoke surfaces are likely negligible but are visually displayed
This gimbal assembly has a 2 motor, Azimuth/Elevation scheme
to allow the array to track the sun over 0-90° beta angles and
over all orbital positions. To model this, Trackers will be used.
Trackers as similar to Assemblies, except that a tracker allows
rotation about its local Z axis and points to the specified target.
In this case, the trackers will be nested, with the Elevation
tracker moving with the rotation of the Azimuth tracker.

Create a tracker (rcTracker) named Azimuth at the center
location of the CAD gimbal, oriented as shown (full 360°) and
with properties as shown to left (might need to use Rotate3d
command). Create a second tracker at the same location
named Elevation (180°). Note that the yellow arrow indicates
the vector to be pointed to the target. The Elevation tracker
should have a range from -90 to +90.

For the Azimuth tracker, click the Track Program button and
enter “(Lock_Array_b90 == 0) ? 0: 3". This format is essentially
a (BoolTest) ? TrueValue : FalseValue and can be uses as an IF
type statement. In this case, the tracker is locked at -90 when
Lock_Array_b90 is not zero. Set Elevation to always track Sun.
To have any effect, Trackers (and Assemblies) need to have
objects attached. Attach the Elevation tracker to the Azimuth
tracker (rcArticAttach). The attach the panels to the Elevation.
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Orbit Display Preferences

Visibilty  Size/Colors

Planet

Show Planet
Show Lat Long

Show Continents (Earth)

View Vehicle In Environment

VieMn

(RcO rbViewSun)

() Wiew Vehicle at Position

(®) View Vehicle at Multiple Positions

() Animate

Fos Time

12

Set Positions...

Status

Basic: Cold_b75 Group: BASE

View from
Ascending Node
(RcOrbViéwAscending)

Set the Cold b75 orbit as current
(rcManageOrbits) and click Display
Orbit.

The display options might need to
be updated (editViewVehicle). Do
not center about Orbit CS, ensure
Show Vehicle is checked, and View
at all orbit positions

NOTE: In older versions of Thermal
Desktop, the active Radiation
Analysis Group determined what
was shown in orbit display. Newer
versions allow the user to specify
which Group to show

Set the Current Orbit to Cold_b90
and visualize viewing from the sun.
Note that the Azimuth tracker can
meet the pointing criteria at any
angle, but the default is likely not
how it would fly.

Edit the symbols and change the
Lock _Array b90 to 1. Visualize the
orbit from the sun again and note
how the array orientation is more in
line with how it would fly. Change
the Lock Array b90 back to 0.

Thermal Modeling and Analysis at GSFC - 2022

141



HGA Boom

Create a cylinder representing the boom over the entire
length. Nodalize it 1 angular x 4 height using edge nodes
Move this cylinder 10” in Z and display node numbers.

Type in rcGripsBoundary and select the cylinder. Note that
the grips now show nodal locations and boundaries. These
can be dragged and moved to align with selected points. Click
the node location at 3 and drag to indicated midpoint. It now
aligns with the bracket, but the nodal boundary has also
shifted. NOTE: sometimes it is not possible to specify nodal
boundaries that position the nodes where desired.

Typing rcGripsKeyPoint and selecting the cylinder alters the
number and meaning of the grips once more, with the 3 grips
indicating the Point 1, 2, 3, etc locations when the object was
first created. Type rcGripsParameter and select the object to
return to the default grip behavior.

Even if the nodes can be placed where desired, the nodal
sub-areas may not be desirable. Since node locations are
always at the midpoint between boundaries, the associated
areas may not be optimum. Making separate surfaces allows
for better control over the surface sub-areas with varying
lengths for the different surfaces. Define the three cylinders
end-to-end and merge nodes and delete the original cylinder.
Nodalize the ends 1x3 and the center 1x5. Active:Out,
Out:BlanketExt, In: NoRad, Material::Aluminum, Thick: 0.075,
Submodel:BOOM, MLI: Outside, MLI_05, Offset 100000.
Also create the end paraboloids, triangular bracket elements
and conductors between boom end and dishes.
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L PN ES £ O — i )

(®) View wehicle at position:

() Arimate

Shade Model

(®) Zoom Extents
(O Center about WCS
(O Center sbout UCS

(O Keep Current Center

Help

Dishes: Edge Nodes: 5 angular, 2 height, Nodes:2001+ and
3001+, Active Both, Top/Bot: WhitePaint, Submodel: BOOM,
Material:Aluminum, Thick: 0.1

Brackets: Tri element using 2 ESPA nodes and 1 BOOM node,
Active:Both, Top/Bot: BlanketExt, Submodel: BOOM, Material:
Aluminum, Thick: 0.2, Insulation: Top/Bot, MLI_05, TopOffset
100000, BotOffset:200000

Dish Conductors: From Center of Paraboloid to end of Boom.
Desc: Dish to Boom End, Submodel: BOOM, Value 0.02 W/K
Add 3 solid cylinders to represent Component D (3 instances)
aligned with X)Y, and Z axes.. Submodel: COMP_D, 1 angular x
1 radial x 9 height; Nodes: 1000+, 2000+, 3000+, Active: HMIN,
HMAX, RMAX, Opticals:BlanketExt, Material: Aluminum, MLI on
HMIN,HMAX,RMAX, MLI_05, Offset:100000.

Make a Contactor from all three solid cylinders to the ESPA
surfaces, the BOOM surfaces, and the DECK_2 surfaces. Set
this as an Absolute Conductance (Total=3*3*2) from the RMAX
face with a V scaling as shown to the left. (Show Calcs!)

Based on a view from the sun (editOrbitViewFrom), a closeout
panel is needed to keep Component N from getting too hot,
especially in a Beta 90 orbit. Add a closeout disk below Comp.
N and couple it with an edge contactor to the ESPA. Submodel:
DECK _CO, Node:1001+, Active: Both, BlackAnodize facing In,
SilverTeflon facing out, Material: Aluminum, Thick: 0.04, MLI on
outward side, Offset: 100000
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Instruments

» Often, subsystem models are delivered and require
tene integration with a higher assembly model. The
[ preferred method is to use the AutoCAD INSERT

U= I S - (CLASSICINSERT) command rather than to copy
- e o and paste. The reason for this is to preserve Domain
B i e Tag Sets, which have no object representation to be

pasted. Type in CLASSICINSERT and select the
Sample_Instruments.dwg file. Check all the Specify
On Screen boxes and Explode and Insert to 0,0,0.

* Note that this model came with Domain Tag Sets,
which includes the surfaces that will be bolted to the
ports. Domain Tag Sets are similar to AutoCAD
groups, but are preserved during model insertion.

+ Create an edge contactor From the port edge wall
surfaces and when selecting the To, select “D” to list
the DomainTag Sets and select INST_BRACKETS.
Adjust all of the From surfaces using Shift
Connectivity to define the proper first edge.

» Assign a value of 12 * 4 * 2 (12 bolts over 4 ports at 2

Explode

£dd Code For Conductors

Conductor Submodst: [ESP4

Contact From: Edges ~ Restart Files From Cunent Default Directory -

Conduction Coefficient [Conductance]

Wit Anap. Ve Time  [JVs. Temp Diff .

——— - WIK/bolt). Show the calculations to make sure the
st Cltrew contactor is correct.

T . + Lastly, the Instrument optical and material properties
[JUse Insulstion Nodes

need to be imported. Edit the Optical Props and click
the Import button and select Sample_Instruments.rco
and select all properties. Do the same for the
Materials with the tdp file. Note that LogicObjects
and Symbols may also need to be imported

Inputs For Connection Algarithm

Integrations Intervals: ® Point Algorithm
Teberea l:l i MaxCheck Dbjects: [4 |

Add to edge conductance for centered node
[ pply Thickness for Double Sided Only D e e oenmeat b

To 1}
A‘ ‘\NSLBHAEKETS
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(Nearly) Completed Model
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Model Checks

~Submodel Node T2 " Opical Properties * Visualize the model in the Model Browser
m : [SES-J DEFAULT -> Solar: Alpha=1| Symbol / Expression Tree . y
0l 11t Heat Load-Dissipation on Component A (66 W)[C} @ g Eara:{mi::}“:i‘;‘g - Objects with Output Te SINDA E by SmeOdeIID IOOkIng for any NOde 1 S
----- ara . . . |
comes & T RectMAIN:2CE w{G] Registerson save Fileforx¥Plot  that should be renumbered. Also, a good
COMP_C_MOUr 1t Heat Load-Dissipation on Component B (13 W)[C 2] RectiMAIN]:2CAT - Symbels referenced, but not def
et T & : d H .
COMP D 11t Heat Load-Dissipation on Compenent B (13 W)[C [ RectMAIN]:2cA3 EI"EFJ general t|me to Check for Duphcate Nodes
-1t Heat Load-Dissipation on Compeonent B (13 W)[C : .
COMP_E Rl ™ -
: - &6 COMP_C_MOUNT &0 RectlMAINT:2CA5 O HotCase 0 S-Trosum 0} o Check Heatloads. Note that the naming
-1 I ) -] Rect{MAIN]:2CAT - € Lock Array b90 0 S1if Lot
Ef} Heat Load-Dissipation for Component C-1 (22 W) . . .
COMP_F B e Lo Disiption o Compenent 2 v | 01 FethAN2Ca0 #-© ML_On_Comp N 1 assigned helps to identify the values
COMP_G # Heat Load-Dissipation for Component C-3 (22 w)ff | F'L ™® i € Power Scale 1 S Power G g ;
o - [ ]
COMP_H ¥ Heat Load-Dissipation for Component C-4 (22 W) Sg Eezimi:migig [ =] 0 Comp_A 66 CheCk ConneCtIVIty via ContaCtorS and
I Re ’ . .
COMP.| compp &[] RectMAIN2CE1 @€ Q.CompB 13 Conductors. For portions of the model, it
COMP_J f Heat Load-Dissipation of Comp_D (2 W / 3 Lac)[] 500 RectMAINJ:2CB3 [ =) Q_Comp_C 22 . .
COMP_K comP_E T ] ReMAINL2CES 4.6 O CompD 2 can be useful to visualize contactor
112 Heat Load-Dissipati C tE (1W)[CO y T
comp L Compp T rpetonen CompenentE(THICY ) RectMAIN:31EE 5@ Q Comp E 1 markers and turn off all surface visibility
COMP_M - T [ ] RectiMAIN]:31FD @€ QComp.F 8
-1t Heat Load-Dissipation on Component F (8 W)[CO R . - . .
COMP_N - £3 T ElemIMAINY:3249 -8 QComp.G 12 and inspect where contact is made.
DECK_1 T Tri Elern[MAIN]::3244 S Q.CompH 46 §Compon . .
DECK 2 NoRad -> Solar: Alpha=T Infrf| | oy ' gy » Check that all optical and Material
DECK_3 SC_BlackAnodize -> Solar Al| P . .
= SC_BlanketExt -> Solar: Alphe - © Q_Comp ) 9 properties are aSS|gned
DECK_CO SC_SolarArray -> Solar: Alpha € Q_Comp_K 30 § Compene .
DUMMY SC_WhitePpe ——— » Check that Assemblies and
ESPA . - Thermophysical Props §
INACTIVE [cC &4 1 Heat Load-Dissipation on Component J (9 W)[COMP_J]:2CEC fi-Cp ALIAS_COMP_N -» SC_Titanium Condk: 0.1905 W/in/C Cp: 540 /kg/C Densi Trackers are prope rly defined
INST 1 7)-Cp CC Mot Generated - SC_Aluminum
|NST_E 11t Heat Load-Dissipation on Component K (Varies)[COMP_K]::2CEE . DEFAULT -> Thermo Property DEFAULT not found as either an alias or a dat
INST_B Comp_L p SC_Aluminum -> Cond: 4.2418 W/in/C Cp: 896 J/kg/C Density: 0.0442451 k{
= -1t Heat Load-Dissipation on Compoenent L (Varies)[COMP_L]::2CEF @-Cp SC_MLI_0S -> Cond: 0 W/in/C Cp: 0 )/kg/C Density: 9.83224-06 kg/in"3
INST_4 COMP_M #-Cp SC_Titanium -> Cond: 0.1905 W/in/C Cp: 540 J/kg/C Density: 0.0721031 kg/|
gﬁiﬂ:ﬁ:ﬁ; -1t Heat Load-Dissipation on Component M (2 W)[COMP_M]::2CED Tracker-Assembly Tree
_ T : .
Nwrrry #-  Motinan assembly or tracker
i COMP_D ) Cond-Dish to Boom (0.02 Iscl WAG)[BOOM]:326A -l Tracker-Azimuth:31B0
E Face Ray Trace Contacter-Comp [ to Mounting Locations (3 com /3 loc / 2 W/K ea)[| - Cond-Dish to Boom (0.02 Isol WAG)[BOOM]::3268 EI@ Tracker-Elevation=31E1
COMP_N = COMP.C.MOUNT Rect{MAIN:31EE
Il Edge Contactor-Component M to Deck 3 (4 com / 4 loc / 0.1 W/K ea)[COMP_N][5]::31) [#-g" Cond-Bolt from Comp C Mount to Deck (2 W/K, 8locations)l} | 77 (] Rect] J:
DECK_1 #-g” Cond-Bolt from Comp C Mount to Deck (2 W/K, 8 locations)[} | . D Rect[MA|N]31 FO
2 Face Ray Trace Contactor-Conponens to Deck (0.8 W/in2 K)[DECK_11[4]:2C91 - Cond-Bolt from Comp C Mount to Deck (2 W/K, 8locations)l§f  § | "
B" ESPA - Cond-Bolt from Comp C Mount to Deck (2 W/K, B locations][ D REd[SGLAR_PANELS]“31AE‘
I Edge Contactor-Deck 1 to ESPA (24 bolts, 2 W/K/bolt)[ESPA][4]:2044 5" Cond-Bolt from Comp C Mount to Deck @ W/K, 2locationsilf| | i [0 Rect[SOLAR_PAMELS]:31A2
I Edge Contactor-Deck 2 to ESPA (24 bolts, 2 W/K/bolt)[ESPA][6]::2923 E]---zz Cond-Bolt frem Comp C Mountto Deck (2 W/K, 8locations)l§ § | [0 Rect[SOLAR_PAMELS]:31A4
- I Edge Contactor-Deck 3 to ESPA (24 bolts, 2 W/K/bolt)[ESPA][2]:2CT9 (- Cond-Bolt from Comp C Mount to Deck (2 W/K, & locations)[
" Cond-Bolt from Comp C Mountto Deck 2 W/K, Blocations)l} | 777 D RECt[SGLAR_Pﬂ.NELS]31ﬂ.C
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CaseSets

All Case Sets

Run 1 Selected Case

O Save & Exit AutoCAD if
all runs are successhul

Manage Case Sets

Add
Capp..
Changs Mame/Graup...

Delete... Impart...

Edit.. Export...

FiadCAD Calulation Thisads
Nade Locked Caleulation Thieads: <= 12
Mas Floating Licenses Calc Thieads: | <= 15-1 Lissnse
[ Leave 1 thread available for system resources

Actual # of lo
1. The sett

used is fimited by the following:

2.H
a0

/ Thi
> NUM_THREADS
OMP_NUM_THREAD
4. Numbet of RadCAD licen:

Dptions

[ 3ave drawing before running

[ Run with lower spstem priarity

[ 5ave SINDAFLUINT work diectory

Run Jobs in Demand Mode v
Batch 5ettings.

Allow &)l Duplicate Nodes in Model ~

Duplicate Node Exceptions...

Model has 2 Logic Objests

Editing 1 Case Set - ConnectivityCheck

Caleulations

Build
Submodels

Set INSERT
Directories

Global 5/F Inputs

OPTIONS® Themal Inputs

Radiation Tasks Output  SINDA  Dynamic Initidize Advanced Frops

Symbols  Comments

Please use the logic manager to input submodel based data

Flint Inputs:

CONTROL B00M
REGISTER
OPERATIONS®
SUBROUTINE COMPC
OTHER COMP_C_MOUNT
COMPTD
COMP_E
COMPF
COMF G
COMP_H
COMPT|
COMPJ

a

FLOW

m + Create a CaseSet in the Case Set Manger named ConnectivityCheck

(rcCaseSet). Uncheck Calculate Radiation. Select the SINDA Tab
and click the OPERATIONS ListBox entry. Before the code, enter:
CALL HTRMOD ('SOLAR PANELS', 'ALL'")
CALL HTRNOD ('ESPA',1001)
These lines hold the unconnected SOLAR _PANELS submodel as a
boundary and node 1001 in the ESPA submodel also as a boundary.
This is a connectivity check to make sure everything intended is
connected to a boundary node.
The Pre-Processor should fail. Two deliberate errors were introduced.
Edit the pp.out file and search for ERROR. The first error is Hot_Case
not being defined as a Register. This can be reconciled in the Symbol
Manager. The second is Q_COMP_KK and Q_COMP_LL not being
found. These were typos; correct in the LogicObject and rerun.
Now it makes it past the Preprocessor but fails during compile. Edit
the messages®*.txt file. Most often there is an Unresolved External
(i.e. illegal function name) or undefined variable in FORTRAN.
Remove the “F CALL NOTFOUND? line and rerun
Now, it preprocesses and compiles, bur fails during the processor.
Edit the .out file and search for ABNORM. Most likely, there are
nodes that are unconnected to a boundary. In this case, all of
COMP_H is unconnected. Add a HTRMOD line to OPERATIONS.
Finally, a last rerun is successful and connectivity throughout the
model has been established. Note that the results are likely gibberish,
but the lowest node temperature should be 20°C as defined by the
ESPA node default initial condition
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CaseSets

Editing 1 Case Set - Hot_b90

Calculations ~Radiation Tasks Qutput SINDA Dynamic Intislize Advanced Props  Symbols Comments

Radiation Task and Key Input Parameters Options

Analysis Group Orbit Cale Max Rays Emor Goal Bij Cutoff File name

BASE ric 30000 1 0001000  Samplek
BASE Hot_bS0 hr 30000 1 Sample hr

® Re-use calculated data ff valid,
otherwise recalculate

0 Recalculate data (curent
database will be replaced)

Editing 1 Case Set - Hot_b90

Caleulations Radiation Tasks Output  SINDA Dynamic Intislize Advanced Props Symbols  Comments

I —— Ovemde Lt

Symbol / Qvemde ! Global / Description
hrBetaAngle ~ Hot_Case 1 0 -1ro Surv, Ofor Cold, 1
hrEccen Lock_Amay_b30 1 0 1if Locking to prevent t
hrlllum Power_Scale 13 1 Power Growth Factor for R
hrieanfnom
hrPeriod
hrPeriodSec

Editing 1 Case Set - Hot_b90

Calculations ~ Radiation Tasks Output  SINDA Dynamic Intislize Advanced Props  Symbols Comments

Output Submodel:  [(AUTO) v
Global Control Text Output Output for Color Postprocessing and XY Plots

Themal Output Increment: s Cutput Filename: Save File

Fluid Output Increment 0 N |H0Lb9|].out | ‘Hm,bso sav
Temperatures Al for Steady State/End of Transient
[ Mode Summary Cal

Text Output Save Output

Incident Heat Cortrol [+ Temperatures Control...
[JCapacitance Incident Heat

Editing 1 Case Set - Hot_b90

Calculations ~ Radiation Taske Output  SINDA Dynamic  Intialize Advanced Props Symbols Comments
Processes Solution Type

Calculate Radiation Steady State | Before Transient (f selected) ~

Generate Cond/Cap File: [1Hold Tanks constant during Steady State

‘Hotfb‘.’)ﬂ.cc | [_1Hold Diffusion nodes constart during Steady State

Build SINDA Input File Transient

‘Hm_b‘.}ﬂ.mp | Start Time: l:l s
[ Run SINDA Model EndTine.  [P22483 |

» Create a new CaseSet called Hot_b90. Add a Radiation

Task: Radks, Rays: 35000 rays, Error: 1%, Cutoff: 0.01,
Filename: Sample.k, Submodel: SAMPLE_RADK. Add
a second Radiation Task: Heating Rates, Orbit:
Hot_b90, Rays: 35000 rays, Error: 1%, Cutoff: 0.01,
Filename: Sample_Hot_b90.hr, Submodel:
SAMPLE_HR. It is wise to name files with unique
names so as not to always overwrite. For example,
Radks for BOL and EOL could be used with multiple
orbits. The Radk files may include BOL or EOL in the
name, while the HR files might include Hot/Cold (or
BOL/EOL) along with the orbit name. NEVER ACCEPT
THE DEFAULT VALUES! (C13E1.k provides absolutely
no information about the file...)

On the Symbols Tab, add Hot_Case=1,

Lock _Array b90=1, and Power_Scale = 1.3. Symbol
overrides are the best method to define differences
between simulation cases.

On the Output tab, select 300 s for the output interval
and output T and Q to both OUT and SAV files

On the Calculation Tab, select both Steady State and
Transient and enter hrPeriod*4 for the End Time

After running this model, display only COMP*
submodels and show the results for Steady State.
Ideally, they should all be between 40 and -10.
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A brief Diversion:
Steady State vs. Transient

Editing 1 Case Set - Hot_b30

Caleulations ~ Radiation Tasks Output SINDA Dynamic Initislize Advanced Props  Symbols  Comments
Processes Solution Type
Calculate Radiation Steady State Before Transient {f selected) “
Generate Cond/Cap File: []Hold Tanks constart during Steady State
|H°1_b9'D-CC | [ Hold Diffusion nodes constant during Steady State
Build SINDA Input File: Transient
[Hot_b30inp | SetTme: [0 s
Run SINDA Made! End Tme:  |[222489 |5

Analysts need to decide if the predictions they get from a steady state solution are adequate
for presentation quality outputs

In general, the recommendation is to not rely only on steady state predictions, but rather to use
steady state to determine better initial conditions for transient to achieve quasi-steady state.
Steady state uses orbit average values for environments and hence may not capture the
hottest or coldest points in an orbit

Furthermore, heater behavior in steady state seeks to find a value between on and off and
cannot predict behavior such as rapid cycling or insufficient heat to reach the off temperature
Lastly, if there are any stability requirements, it is impossible to demonstrate compliance using
only steady state analyses

Recommendation: use steady state only analyses very early for rudimentary sizing
and faster runs, but switch to SS + TR as soon a reasonable for better predictions
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CaseSets

» Copy the Hot_b90 case and rename to Hot_b75.
Uncheck the box to Maintain Unique Radiation
Filenames and change Sample_Hot_b90.hr to

Sample_hot_b75.hr

N + On the Radiation Tasks Tab, double click the Heating

o | Rates task and change the Orbit to Hot_b75
y _ * On the Symbols tab, change the Locak_Array b90

Copy Case Set

Editing 1 Case Set - Hot_b75
Mew Case Set g - -

Calculations Radiation Tasks Output SINDA Dynamic Intialize Advanced Props  Symbols Commerts

Hew Case Set Name:
Radiation Task and Key Input Parameters

Group: Analysis Group Orbit Calc Max Rays Eror Goal Bij

BASE

[ Maintain Unique R adiation Filenames [Deselect to edit the
Sanci - back to zero, as this is not a Beta 90 case and the
e Ll tracker should be unlocked.
Dl bagiing o corament Copie o Eoes S NANE o + At the Case Set Manager, select the Hot_b75 case
Separter - and right click. Then select the Set Symbols...to
B e 1By v Global. This is a very powerful feature to verify a
gf;;mmmmmmmU“mmm CaseSet has everything as intended. This will
Cancel He actively change all Symbols (etc) to the override
: T values throughout the model. Be careful not to Save
the model in this State unless you want all the
: symbols to acquire the override values. The next
e - g [ 7o 0csop 53 Pech 5 - R241 - Tue Aug 30 185145 2022 command below allows a Reset back to the original
i Globol Model Symbols and Afssesare cuendlysctroma symbol values. A warning is displayed during
o e Satcas o g overoeyut ol s ot et ¢ Autosave if the Global values have been overridden.
e Are you sure you want to coninue this save? » Edit the Component A dissipation notice that the
Rechla 255 Tos seppenston _ _ power dissipation is now 85.8 (66 * 1.3) due to the
A — 1L Power_Scale symbol.
il
* |tis generally easier to copy new CaseSets and
modify them from an existing, functional case.
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Sample Model Conclusion (For Now)

All Case Sets « The Hot, Cold, and Survival cases were all generated. The Cold Cases were copied
g

ConnectivityCheck, . . . .

I'_—'I-- Hot Coses from the corresponding Hot Case, changing the HR filename and orbit. The cold cases

' were then all selected and the symbols updated for cold.
Hot_b75 * It turned out to be easier to export the Cold Case Sets, import them again as duplicates,
Hut_bED and then rename them to Surv and update the Symbols, since the HR files were the
EDLE;S same as Cold.

ok
Hat_b15 + Each group of 7 were assigned to a CaseSet group for better organization.
~J Hot.bo0 « Some specialized logic should be added to output the nodal temperatures of interest for
SRIE]| Cold_Cases Components A-N. This logic takes advantage of user developed subroutines to find the
il Cold_b3l Max and Min temperatures in a specified submodel, with options for also narrowing it by
Coid b node range within the submodel. Furthermore, another routine allows averaging over a
Cold_be0 . . .
C range. Import the LogicObjects from the Sample_Instruments.dwg. Also, edit the
old_b45 o :

Cold B0 hrBetaAngle symbol and ensure it is output as a SINDA register.
Cold_b15 * Run all 21 cases and for each case a Hot/Cold/Surv_b##.txt file will be created with

- Lold_BO0 relevant output every 300 s. These files will be used later to support the Data Analysis

=2l 5oy Cases portion.

8 Sury_b30 :
Sure bED _ All Logic Objects (6 objects)
- =1 1, COMP_H - variablesd - User FORTRAMN Code - Edipse,InSun Dissipation for Component H

Suw—h45 ----- =1 2, COMP_K - variables0 - User FORTRAM Code - Companent K and L dissipation profiles
Sury_b30 S 3. SOLAR_PANELS - OUTPUT - User FORTRAN Code

Sure b15 |4 GLOBAL - SUBROUTINE - User FORTRAN Code
c _I:uEIEI M 5. GLOBAL - TDPREBL - User FORTRAN Code
LY _ - GLOBAL - TDPOSTSL - User FORTRAN Code
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BUILD MODEL: Simulating Thermal Hardware

« Every analyst will develop their own modeling style (i.e. how physical components
will be represented in the analysis model)

* The following slides include suggestions on methods to model:
 Honeycomb Panels
* Insulation
* Thermistors and Thermocouples
» Constant Conductance Heat Pipe
» Variable Conductance Heat Pipe
» Controller (most often for a heater)
* ThermoElectric or CryoCooler
* Phase Change Material
* Louvers
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BUILD MODEL: Honeycomb Panel Modeling

* Three ways exist to model Honeycomb Panels R
1. Neglect Core: use a single sided surface with 2x the

‘ Subdivision I Mumbering I Radiation | Cond/Cap |Corﬂad | Insulation | Surface I Tmns."ﬂull

facesheet thickness and the material of the facesheet ‘ Method 1 .

2. Include Core through Conductivity: use a double sided :e:::"" : otes:  [Basedonnaspopery 7]
surface with thickness and material specified for s et Thckresse
facesheet, core, facesheet. Note: the in-plane s — o
spreading effect of the core material is not included Womt:  [i - S—
using this method...

3. Include full core effect: model the core as a solid Moo

element and the facesheets as plate elements using
the same nodes as the top/bottom for each facesheet.

If applying non-isotropic properties, must define
material orienter for solids.

ion | Cond/Cap [ Contact | Insulation | Suface | Trans/Rat |

~-Method 2

Submode! Submodel;
PANELS - PANELS

@ Use Stat ID: 1 ©) Use Start ID: 101

@ Use List © Use List

« TIP: you can use the U Cond/V Cond multipliers increase . . Method 2 et
s w . . op/Out: _Composite - |
the conductivity as a function of the core material to o ST S
account for in-plane spreading by the core Btom/i: W5l Gonposte - o
; . Solid Element Attributes
HC Core Material Orienter |~ :
(defines C ANISOLroOPIC wl v wamiesics .
Cond submaodel PAMELS -
Multiplication Factors:
Dersity: 1
¥ Conductivity 1 M e t h O d 3
Z Conductivity 1
[ ok | [ cancel | [ Hep |
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BUILD MODEL: Insulation Modeling

* Insulation may be conductive or MLI (i.e. radiative)
v" Define insulation material

Thin Shell Data =
Subdlvison | Numbering | Radation | Gond/Cap | Cortact | Insultion | Surface | Trans/Rot|
v If material has conductivity <> 0, k and thickness will be used | ‘o2 2 P
v’ If material has &* defined, radiative will be used (thickness :
ignored) e P
v" Assigning kg/m3 of 0.6 and applying a thickness of 1 m will
allow MLI mass to be estimated by model - B e e o
- Possible to have both...
 Use intuitive node numbering e T st &
v Keep all non MLI nodes below 100000 ¢ — —
v" Use Node Offset of 100000 (200000 if both sides have e e s Ao 5
insulation)

- When post processing, any nodes above 100000 are MLI =

(e
Subdivision | Numbeting | Radisten | Cond/Cap | Cortact | Insulaion | Suface | Trans/Rct
temps and can likely be disregarded o — .
« If overrides are used (i.e. applying MLI to only some of the —
nodes), make sure to adjust the optical property overrides as well ) ——
v Opt Prop overrides will need to reference MLI node number,
not underlying surface e m——— .
* MLI can be “programmed” to either be enabled or disabled using -
the P button at the top
* For “tented” MLI (offset by large gap from surface), best not to use
low ¢ optical property for inner or outer layer — doubles isolation to
have low ¢ and low &* in series
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BUILD MODEL: Thermocouple and
Thermistor Modeling

« Thermocouples, Thermistors, and other measurement devices are the
tangible data readings visible to the thermal engineer based on the actual
hardware

» Thermal Desktop has an object type called a Measure, which represents a
spatial location for a temperature reading.

» Measures are displayed graphically with their Name and show the
mapped location. Can be moved to the exact location desired by the user

v'Define the Measure and place it correctly in space T =

v'Set the size large enough to be visible when displayed

v’ Assign a meaningful name (e.g. Telemetry mnemonic) Mo OBA Zan2E M2 MY

v'Determine if you wish to output measure value to an o
existing Register or a Boundary Node e

v'Good idea to Create groups to ensure Measure maps to
reasonable entity

v'Set tolerance

v Execute mapping

v'Snap Measures to
Mapped Entity

— Can copy measures from
One drawing to another

~ Can import from text file

Output Node

Submodel: MOBA_HTR -

1D: 2599

[7] Use Conductor and Thermal Capadtance
Conductor Value: 1 Wk

Thermal Capacitance: 1 1K

Connection to Model
(7) Test All TD Entities

@ Test AutoCAD Group: MOBA_MEASURES

[7] Connect to Qutermost Nodes of Insulation {if found on surface)

Thermal Modeling and Analysis at GSFC - 2022

156



BUILD MODEL: Constant Conductance
Heatpipe (CCHP) Modeling

Mode

 Heatpipes are commonly used devices in thermal designs

- They operate on an evaporation/condensation cycle that allows heat to be
transported over large distances with a minimal temperature gradient

— Heat enters the evaporator end of the pipe and vaporizes the working fluid

— The vapor is driven to the condenser end of the pipe by a small pressure
gradient

— The vapor changes to liquid in the condenser end releasing the heat

— The liquid is pumped to the evaporator by capillary forces through a wick
structure

- Unfortunately, the capillary forces that drive the fluid are very small
compared to gravity which places constraints on HPs during ground testing

— Device can operate in reverse depending on loads...

« HEATPIPE exists in FIoCAD, but a simpler way exists to model a

heatpipe that does not require a FIoCAD license

v Define surfaces based on length/shape of pipe

v’ Set as edge nodes 1 x Z breakdown, assign nodes to increment from one
end to the other (e.g. X001, x002, x003...) and merge at interfaces

v’ Set width of surface to width of interface flange

v’ Set Material to Aluminum (Assuming aluminum walls)

v" Set Thickness to effective thickness (HP Cross Sectional Area / Width)

v’ Create Arithmetic node to represent vapor node and set to (x999)

v’ Create a Node-to-Surface conductor from Vapor node to all HP surfaces

v Check the Per Area option and set conductance value to h per linear inch /
Flange Width (3.0 W/lin in. K typical for ammonia HP)

v" Add contactor from evaporator/condenser sections to structure/radiator

Submodel  HP

o 1999

Comment: Heat Pipe Vapor Node

Initial temp: 20 C

1 JAC

atery  [DEFALLT

llllll

[ Use material balt

|1 Radiation conductar

Per Area

Bi-directional Heat Flow
odes

From Mode: HP.1999-Heat Fipe apor Mode: AF2

To [Uses Aueal

Fect-Heat PipesHP]:AE7  Top
Fect-Heat Pipes(HP]:10FB  Top
Rect-Heat Pipes(HP]:10E4 Top
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BUILD MODEL: Variable Conductance
Heatpipe (VCHP) Modeling

» A Variable Conductance Heat Pipe (VCHP) is an extension of a CCHP

- ltincludes a reservoir at the condenser end filled with Non-Condensable Gas (NCG)

— This reservoirs is cold biased and includes a heater to maintain its temperature

- When the reservoir heats, the NCG expands and partially fills the condenser section,
blocking condensation and reducing the effective condenser length

— When the reservoir cools, the NCG contracts and recedes toward the cold reservoir,
increasing the effective condenser length

— By heating and cooling of the reservoir, the evaporator end of the VCHP can be
controlled to a given temperature under a variety of source and sink values

« HEATPIPE routine in SINDA can accommodate modeling a VCHP, but requires

additional inputs: [Vapor Node, Array of Vap-to-Wall Cond Numbers, Array of
Segment Lengths, Volume, HP Diameter, h.,4, hey4,, R€S Volume, Res Temp,

NCG charge, Working Fluid and NCG IDs]

v Define a heatpipe as previously specified and ensure that the nodes increase incrementally
from the Evap to the Condensor. Ensure the vapor node is arithmetic!

v"When defining the Vapor to Wall Conductors, be sure to specify the ID and not Auto-
number

v This ID will be a fixed value set by the user to be specified in the Vapor-to-Wall Cond Array e

v'Be sure to add a geometric representation of the reservoir and its radiator and heater: heat
should be applied at the Res Radiator and sensing at the evaporator

v’ Define Arrays with Segment Lengths and Cond Nos in the Logic Manager

v'Define a VARIABLES 1 block in logic manager with a call to HEATPIPE and add in P
the appropriate variable and argument values © Drnter [§

v Refer to SINDA/FLUINT manual for specifics...be careful with initial conditions

Submodel: HP
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BUILD MODEL: Controller
(Heater or Cooler) Modeling

* More thermal models are asking for controller modeling:
input value is mathematically evaluated to predicts output
value of controller (e.g. Input: Temperature, Output: Heater
Power)

« Common example is thermostatic or proportional heater:
v Define On and Off Temperatures and Max power to apply
v Define Location to Apply Heat and Location to Sense Temperature
v Use Proportional for Steady State behavior
v' Determine if Proportional is needed for transient

v Often needed for tighter stability
v' Widen Range between Toff and Ton for better control

 For a full PID controller, use a PID controller under Logic
Manager
v Define Proportional, Integral, and Derivative Gains
v Define Setpoint: what you are trying to achieve
v Define Sensing Variable: what it actually is
v
v' Done as a Register to be used elsewhere in TD

Define upper/lower bounds on Ctrl. Variable (e.g. max/min power)
v' Generally a good idea to Prevent Integral Windup

Apply output variable to some TD object, usually a heat load

v" Make sure to output as expression so that changes in process

variable as SINDA runs are applied correctly

[Component H Survival Heater

Logic Submodel: [COMP_H

COMP_H_Srv

Steady Stale
O Set Sensars Te:Mid Point Temperature:

O Set Applied To Mid Point Temperatures

COMP_| 4 Top
COMP_H.1008:2CF  Top

COMP_H.1009:2CFC Tep

o ouH RELROALN

+ouH RULR0A S,

Define Control Variable what you are actually changing (e.g. power)

QH igh
QLow
TLow THigh
QH igh
QLow
TLow THigh

PID Controller 1

mmmmmmmm Mid PID Controller for

[TRunin steady state

Cryocooler
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» ThermoElectric Coolers utilize the Peltier principal to induce a temperature gradient between two

junctions when a current is applied to provide cooling. Typically about 6% efficient

» Performance based on 4 related variables specific to device. Knowing 3 can allow 4t" to be calculated

- Hot Side Temperature (can be retrieved from model)

— Cold Side Temperature (usually the goal or setpoint)

— Cold Side Load (can be calculated from model)

- Hot Side Load (including input power, current, or voltage), often the independent control variable

* User must decide how to model controller...

- Assume it can achieve control temperature and set cooling point to boundary temperature
— OR Model controller with feedback and apply negative cooling load (see PID controller slide)

« If assuming controller can achieve temperature...

« If constant power TEC...

* Hot Side and Cold side usually not coupled unless TEC is off...

v Need to extract heat removed from boundary cold side (QFLOW, QFLOWSET or
HNQCAL)

v Retrieve Hot Side Temperature from model

v" Determine cooling DT from T, - Teoiq

v" Look up power needed for TEC to remove Q heat, and achieve DT for current T,

v Apply power to Hot Side node

v Routine developed for WFC3 to characterize TEC performance curves by 4t
order polynomial

v Could also use TRIVARIATE array with enough data points...

v' Determine heat removed based on input power, DT, and T,
v Apply a negative heat load at cold side node
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BUILD MODEL: Phase Change Material (PCM)
Modeling

* Phase change happens over a

hFUSION

constant temperature Alkane Formula  MP(°C)  (ki/kg)
- PCMs (paraffins) are generally very poor DEENE |G| S0 | B0
’ ¥ yVep n-Undecane CiHys -25.6 142.9

conductors of heat n-Dodecane  CpHys -9.6 214.6
- PCM assembly is generally a hermetically n-Tridecane CiysHis -5.4 155.6
sealed aluminum housing to which a core  n-Tetradecane CiHz 59  224.2
for uniform spreading is bonded n-Pentadecane CisHzp 10.0 1619
- Gaps in between core is filled with PCM “'Hexa‘zeca“e 216:34 ;2'3 izg-i
— Core may contact multiple faces for NREIANG C g | 22 '
. . . n-Octadecane CigHsg 28.2  240.0
improved through conductivity (aka vias)

Data from
—Melting point is material specific. Paraffins =ntip://webbook.nistgovichemistry/
typically used with Solid to Liquid phase
change

 Thermal Desktop includes
capabilities to model PCMs via

FUSION function

v'Define conductivity of material as the core
(typically 10% or AL1100 for plane of fins,
and 1% or AL1100 for out of plane)

v'Define Specific Heat of material as FUSION

v'Specify Melt Pointing and Heat of Fusion

v'Majority of mass of Core+PCM is in the
paraffin for density
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BUILD MODEL: Louver Modeling

 Louvers are devices which passively activate as a function of temperature. They are

often used to reduce the view of a radiator to space when they get colder and increase
the view as they get warmer to conserve heater power.

» They function when a bi-metallic spring changes its length and spring constant as a
function of temperature, rotating a set of highly reflective, parallel blades

» These blades change the view factor from an underlying radiator its environment

» Since Radiation couplings are generally for a fixed geometry and properties, the typical
Monte Carlo Ray Trace does not account for this variability nor does it know the

temps...

» To model this, it is necessary to modify primarily the Radk to Space and environmental
loads in the thermal model. Radiation Model should be run with fully open properties...

* Account for louver in SINDA model (to first order at least)...
v" In OPERATIONS, loop from 1 to NGTOT for each Louver Node. For each Index...

v
v

v

v
v

CALL CONDAT(GETGMOD(/ndex),GETGNUM(/Index),JTEST,KTEST,ZTEST)
Check if NDNAM(ITEST)=SPACE, NDINT(ITEST)=SpaceNode, NDNAM(JTEST)=Louver Sub,
NDINT(JTEST)=Louver Node

Check if NDNAM(JTEST)=SPACE, NDINT(JTEST)=SpaceNode, NDNAM(ITEST)=Louver Sub,
NDINT(ITEST)=Louver Node

If either condition is met, then flag Index as a Louver G and store Cond number for later reference
Store Fully Open conductor value for this G for future modification

v" In VARIABLES1, for each Louver node (G Index and Fully open conductance should have been determined and stored)

v
v

Determine the scale factor for partial closure based on temperature and Louver Performance curves: SCL (1 to >0)
Set G(Louver Index) = G Fully Open * SCL

v Adjust Heat Load by SCL (If Nadir pointing, Tot Env - Eclipse Env = UV Env, Eclipse Env = IR Env, adjust based on

o,E)
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Radiation Calculations

P-V-‘ AND lNSTR‘UMENT
R

] ’ .
‘\THF_RMAL ENGINEERING;
3 BRANCH

ey

"l s,
- YsT, %)
My SMS DeEsicn AND

B
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Radiation Calculations

« Monte Carlo Ray Trace * Example

— Begin with Surface 1 and find a random point and — The Red ray leaves Surface 1 with 100% energy
direction to “fire” the ray with 100% energy and strikes surface 2. 70% of the energy is

— Determine if the ray intersects any surface absorbed by Surface 2 and the remaining 30% of

— Oct Cells subdivide model to reduce number of the original energy reflects specularly and finds its
intersection tests way to space

— If ray intersects a surface, determine how much — The Green ray leaves surface 1 with 100% energy
energy is absorbed by the surface (a,¢) and strikes surface 2. 70% of the energy is

— If some energy remains, determine if the energy is absorbed by Surface 2 and the remaining 30% of
reflected specularly (Angle of Incidence = Angle of the original energy reflects diffusely and finds its
Reflection) or diffusely (Random direction) way to space

— Continue propagating ray until energy is below — The Black ray leaves Surface 1 with 100% energy
extinction threshold at which point it is either and goes to Space
completely absorbed or completely reflected — The Resulting Bij terms would be:

— Once extinguished, select new random point and — Bij (1 to Space) =(0.3+ 0.3+ 1.0) /3 =0.5333
direction for next ray — Bjj(1to2)= (0.7+0.7+0)/3=0.4667

— Once finished with Surface 1, move to next surface
and repeat until all surfaces have been computed

e=0.5 £=0.5 £=0.5 £=0.5

N 100% \ 100% 4= 100% o=~ VN 100%
\ \
. 100% 100% \
\\\ 30% ' ‘\ 30% [RRRN
. s »
_—*’:g % ‘\ ¥ T
---" =~ \ : == \ _
--" = S< = e=0.7 - S £=0.7
30%4 e=0.7 \\\\ \‘ =0.7 30% \\\\ \‘
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Radiation Calculations

* Oct Cells « How Many Rays?
— Find bounding box around entire model TS — Typically start with 35000. (2.65/1.76%

— Divide by midplanes in all three directions | error for 0.1/0.2 B,)
to form 8 smaller b Oxe,s — Is the run time tolerable?

— Determine #‘_Surf aces m each of the 8_ C_e”S — Spending time calculating small couplings

— If #surfaces is > specified, then subdivide that are eliminated?
cell again. Continue until max #surfaces or _ Does it affect temperatures? By how much?
max #subdivisions is reached o / — In the end it comes down to run time vs.

— Consider 8 surfaces meeting at point (i.e.

/ accuracy...
ribs). Lower #surfaces can never be met... \
— Used to minimize intersection tests as each h
ray is computed * How do B;’s become Radks?
* Error Calculations — Radk; = A,g,BU
— Statistically, the error can be estimated with 90% - Byr ec:pr ocity though, A;gB;;_ AigB;;
confidence by: — So, should B;, Bj; or both be used?
1_B. — Thermal Desktop chooses a weighted average based
Errory = 1.65 [=——%x 100 on the Error;? and Error;?
ey — So Radk; = Radk; =
— Weighting the Error for every node yields a single term {AgB; /E"‘ 24+ A £B;;i [Erri? } / { 1/Erri? + 1/Err;? }
per surface to determine if sufficient rays have been — With this approach, greater weighting is given to
fired for that surface larger B values, as the error is smaller for larger B
2i—o(By; * Errory) — However, Radks are output only for B;#0 and B,;#0

Weighted Error; =

?:0 (Bq)
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Two ways to think about radiation modeling:

— Emitted and Absorbed are handled independently: Heat energy leaves Node/Surface i
basedon T, , A;, and g; as an emitted Q1. In parallel, heat is added as sources to
Node/Surface i having come from Node/Surface j's with a magnitudes based on T, , A,
and ¢ and proportions based on the B; as absorbed Q)\'s

— Emitted and Absorbed are handled as a net exchange: Net Heat is exchanged between
Node/Surface i and Node/Surface jbasedon T, , A;, ¢, T; , A, ¢, Bjand B; where the

R
direction of the heat flow is dependent on temperature.

— Most radiation codes utilize the latter approach to minimize the computational overhead
Environmental heat rates are the absorbed load on a surface (aka a
backload) and do not represent a net exchange with the environment

(hence the reason the Environmental loads are always > 0)

— The portion of the view factor representing the view to the celestial source (e.g. Solar,
Planet, etc) is included in the Radk to space

— Therefore, the net exchange is the combination of the Environmental load and an
increased view to space (which may include view to the celestial sources)

Radks handle the net radiative heat exchange between Node/Surface i

and Node/Surface j.
— Extra calculations are needed if you wish to determine only the absorbed heat on a
Surface/Node i from Surface/Node j — (see Backload below)

Backloads and Equivalent Sink Temperatures are other useful techniques

— Backloads are the absorbed energy on a surface from all surrounding surfaces. If
applying a backload, then the radk to space is increased for where the surrounding
surfaces reside. This is essentially how the Environmental Heat Rates are handled.

— Equivalent Sink Temperatures represent the effective Temperature “seen” by a surface if
its entire field of view was replaced by a black body surface. This is often used to
simulate the environment during testing. Note that in a test, the panels often have an e
less than one, so the Equivalent Sink Temperature needs to be adjusted based on T_

i\ ,’\_f?’ TSpace

vt

QP-‘anet =

L P
R

QA-‘bedo“li:-f“; P

'
T ()

QSofar ¢

LN
J

1,N
O'Z Radk,T; +0,,

4 _ J
Tl",Sink -

ILN

o2 Radk,
J

1,N
Radk, g, =Y Radk,
J
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SINDA Submodels...
Preferences...
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While Thermal Desktop does most of the heavy-lifting
with generating the SINDA/FLUINT file, a good analyst
knows how to check that the code is generating
reasonable inputs...trust, but verify!
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After the radiation computations are
complete, the absorbed orbital heat
loads and radiation couplings are merged
with other data to form the thermal
model

The format used is SINDA/FLUINT, which
treats each calculation point as a node

Nodes are connected via conductors,
which may be linear: Q=GL*(T,-T,) or
radiative: Q=c*GR*(T,*-T, %)

Nodes may have capacitance and/or heat
sources applied (heat dissipation, heater)

At least one node must be a boundary
(usually deep space)

User logic governs the behavior of the
model to change boundary conditions as
a function of time or temperature and
control the accuracy of the solution

Results of interest are typically nodal
temperatures and heat loads as a
function of time
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Basic SINDA Outline

* What is SINDA

* The SINDA Deck

* Program Flow

* SINDA Syntax

* SINDA Model Example

* Running SINDA
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What is SINDA?

* SINDA: Systems Improved Numerical Difference Analyzer

» Many flavors exist:
— Cullimore and Ring: Sinda/Fluint (commercial code GSFC uses most)
— Government SINDA: SINDAS85 (“free” but no longer developed)
— SpaceDesign: Sinda/Fluint (commercial version included with TSS)
— SINDA/G: Gaski SINDA (commercial code from MSC, formerly NAI, no longer
supported)

 SINDA includes:

— A pre-processor for reading the SINDA input deck and storing the data in
intermediate files used by the solver
— A set of library functions compiled in FORTRAN and linked to the executable

* The SINDA deck is a text file containing the information necessary to solve
for temperatures, based on heat, conductance, and capacitance inputs

» As such, SINDA requires a FORTRAN compiler to function

* In the end, SINDA models are really just compiled FORTRAN programs
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A quick digression...

« SINDA is not necessarily a Finite Difference solver

* In fact, it is a generalized equation solver which could be used for other 15t order
analysis types if we could input the terms appropriately for the matrix.

* In the end it is simply solving [G]*[T] = [Q] where G, T, and Q could be any
physical terms related by linear equations

« SINDA has strengths over other equation solvers (e.g. MATLAB,NASTRAN) in
that was developed to support many of the things that thermal engineers need
through a library of functions included in the compiled executable

* Finite difference is a numerical formulation that estimates the physics behavior of
heat flow in a simplified 1D manner after Taylor Series expansion and elimination
of negligible terms

» Reference any basic heat transfer book for the derivation of the Finite Difference
method

» The finite element method may also be used within the constructs allowed by
SINDA but the “conductors” no longer directly represent 1D heat flows
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«— >
1 .
A, |
1D Finite 2D Edge 1D Finite
Difference Nodes Element Gx6
(Centroid)
A A
o-\-0-9©

Where k=L =A, =1:

A=1, B=0.5, C=0.5, D=1, E= 0.16667, F= 0.16667, G=0.33333, H=0.33333

Where k=A,=1and L = 2:
A=0.5, B=1, C=0.25, D=2, E=0.58333, F=-0.16667, G=0.41667, H=1.16667
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Condensing Conductors...

Conductors in series
1/G1_2= 1/G1 + 1/Gz+ 1/G3+ ... T 1/Gn

G, G, / G,

Conductors in parallel
G1_2= G1 + Gz'l' G3+ . Gn
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What is the SINDA Deck?

 The SINDA Deck is a text file with relevant sections delineated to define
the inputs to a thermal model

 Sections are identified by the keyword HEADER. These HEADERSs define

one of two types of blocks:
— Data Blocks: Node, Conductor, Source, User, Control, Array, Carray, Register
— Logic Blocks: Operations, Variables 0, Variables 1, Variables 2, Output Calls,
Subroutines

 Data blocks are processed and the data contained therein is generally
stored in binary files that are referenced by the compiled thermal model
executable during run time

* Logic blocks are translated into FORTRAN specific constructs and used to
compile the executable representing the thermal model

* The SINDA deck is pre-processed to generate an executable program
which solves for the requested thermal data
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How is the SINDA Deck processed?

» The pre-processor first reads through the SINDA deck and reorganizes it into the

expected, logical flow and creates the combined.inp file
— INSERT statements are expanded
— Duplicate HEADERSs are combined into a single one

» The pre-processor then reads through the combined.inp file, checks for any syntax

errors, and writes the binary data files needed for the run
— lllegal references to undefined Nodes, Arrays, or Registers
— Duplicate Node, Conductor, Array numbers

* When the pre-processor is passed, the resulting FORTRAN is checked for validity
by the compiler
— Unterminated IF blocks, lllegal FORTRAN syntax, unknown function calls

» Once the compiler generates and runs the executable, SINDA will make sure the

model can be solved
— Contains at least one boundary node and everything is connected (directly or indirectly)
to a boundary

* The executable produces the output .sav (binary) and .out (ASCII) files with the
user requested results for further post-processing
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What is the basic syntax?

» Regardless of the current HEADER, the following syntax is valid

— C in first column - everything on this line is “skipped” by SINDA processor. It's only a
comment.

— A“$” is used for in line comments at the end of a line of SINDA code. Everything after
the $ is a comment. (Use “I” if an F type statement)
« Syntax specific to Logic Blocks
— F in first column of a logic block denotes user generated FORTRAN

— M in first column of a logic block denotes user generated MORTRAN

« MORTRAN is an extension of FORTRAN where the user may reference SINDA specific elements
and the pre-processor will convert them to their FORTRAN counterparts — more on this later...

— Any character (besides 0) in column 6 of a logic block indicates that this line is a
continuation of the previous line

— All non HEADER, non-directive input should be past the 6th column.
» Syntax specific to Node, Conductor, and Source Data Blocks

— FAC cards can be used to make units consistent. Just remember to have a FAC card
that reset other data back to original units.

 FAC cards are reset at the start of the HEADER block
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How is the SINDA Deck structured?

* The following HEADERSs are available:

— HEADER OPTIONS DATA Titles, 1/O file names, options

— HEADER NODE DATA,smn Node descriptions

— HEADER CONDUCTOR DATA,smn Conductor descriptions

— HEADER SOURCE DATA,smn Nodal heat source descriptions

— HEADER CONTROL DATA,global or smn  Execution control "constants"-all smn's
— HEADER REGISTER DATA User variables, all smns

— HEADER USER DATA,global User variables, all smns

— HEADER USER DATA,smn User variables (numbers) one smn
— HEADER ARRAY DATA,smn User arrays

— HEADER CARRAY DATA,smn User character arrays (strings)

— HEADER OPERATIONS DATA Analysis sequence (main driver)

— HEADER OUTPUT CALLS,smn Output operations and logic

— HEADER VARIABLES 0,smn User logic: time-dependence

— HEADER VARIABLES 1,smn User logic: temperature-dependence
— HEADER VARIABLES 2,smn User logic: wrap-up

— HEADER SUBROUTINE DATA Additional user written subroutines

» Bold indicates Data block, /talics are Logic Blocks, Red covered in Basic SINDA,
all others covered in Intermediate SINDA, Headers with “,smn” are related to a
specific submodel
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Executable Program Flow

- HEADER OPERATIONS DATA is the entry point. This is where everything

starts during execution...

« Solution routines run through various logics block in the following order...
—VARIABLES 0 - process “Time” dependent logic — (one pass per timestep)

—VARIABLES 1 - process “Temperature” dependent logic

— Internally solve for temperatures
« If Converged, proceed to VARIABLES 2

* If not Converged, LOOPCT < MaxLoops, and Steady Solution: go back through

VARIABLES 1

* If not Converged, LOOPCT < MaxLoops,NVARB1 = 0 and Transient Solution: go back

through Internally Solve for Temperatures

* If not Converged, LOOPCT < MaxLoops,NVARB1 = 1 and Transient Solution: go back

through VARIABLES 1

* If not Converged and LOOPCT >= MaxLoops, proceed to VARIABLES 2
—VARIABLES 2 — process post-solution data (e.g. heater on time)
— If Transient, proceed next to timestep and go back to VARIABLES 1
— If Steady or Transient and completed last timestep, return to OPERATIONS

— At the start, every OUTPUT increments, and before returning to OPERATIONS, go

through OUTPUT CALLS, execute those instructions, and return
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What is a Submodel?

« Submodels are a way of logically grouping things together

* Names limited to 32 characters and may include Alphanumerics as well as
an underscore (but may not begin with underscore)

 Allows node/conductor/array/numbering to not need to be predetermined for

subsystems
— Software that does not include submodels must be careful to avoid two
organizations using the same ranges or conflicts can arise

* Included via a BUILD command which defines which submodels are solved
— Submodels that are connected but not built are treated as boundary conditions
— Submodels may not contain only logic
— Can have multiple BUILDs
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A few more things before diving
into the HEADER: ...

« INSERT/INCLUDE allows text from other files to be brought into model
— INSERT is better as it can be nested
— INCLUDE is allowed but has some issues with changing HEADERSs therein

« PSTOP/PSTART — stops/starts writing line to pre-processor output

— Useful for reducing pre-processor file size

« FSTOP/FSTART — changes default line type (FORTRAN/MORTRAN)
— Doing nothing, MORTRAN is assumed

« DEFMOD - Default Model — allows local reference to SINDA created

variables

— For each node (#), there is a T#,Q,# and C# variable created for Temperature, Heat, and
Capacitance respectively

— For each conductor (#),there is a G# created for conductance

— For each array (#), there is an A# and an NA# created for REAL array entries and INTEGER
array entries (Co-located in memory using FORTRAN EQUIVALENCE)

— For each user data (#),there is an XK# and a K# for REAL variables and INTEGER variables

— Referencing any of these in an M-type statement needs an implied submodel; DEFMOD
defines what this submodel is

— Logic blocks with a submodel assignment imply that submodel as the DEFMOD
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The First HEADER: OPTIONS DATA

* This HEADER must come first
— Any others may appear in any order, but a good logical flow is all NODE HEADERS
followed by all CONDUCTOR,ARRAY,VARIABLES 0,1,2 and ending with OUTPUT

CALLS and SUBROUTINES
— OPERATIONS is best immediately after OPTIONS DATA or just before first VARIABLES 0

* The block includes keywords to set up the model including

— TITLE : description of problem

— OUTPUT : name of ASCII output file

— SAVE : name of Binary .sav file

— USER1,USER2 — pre-specified user files

— NAMESS : allows NODE/CONDUCTOR numbers > 1E6

— DOUBLEPRECISION: turns on DOUBLE PRECISION solution (64 bit)
— MIXARRAY - allows both INTEGER and REAL entries in arrays

HEADER OPTIONS
OUTPUT = CB90 Normal Ops.out
SAVE = CB90 Normal Ops.sav
DOUBLEPRECISION
MLINE = 100000 $ Limits headers output
MIXARRAY
NAMESS
TITLE GPM Obs CDR vb6.1lc 2010.dwg - CB90 Normal Ops
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HEADER NODE DATA, submodel

» Basic Format
— N#, Tinit, Capacitance
—If N# > 0 and Capacitance > 0,then node is DIFFUSION: has mass
—If N# > 0 and Capacitance < 0,then node is ARITHMETIC: massless
—If N# < 0 and Capacitance > 0,then node is BOUNDARY: infinite mass
—If N# < 0 and Capacitance < 0,then node is HEATER: infinite mass
— HEATER and BOUNDARY nodes are the same to the network, but SINDA
provides some routines to retrieve information from HEATER nodes. Therefore,
always use HEATER nodes instead of BOUNDARY nodes
— Capacitance is Mass * Specific Heat
« Temperatures for nodes are calculated by SINDA. Models must have at
least one boundary/heater node.
« Some special options exist for generating multiple nodes or temperature
dependent capacitances...this will be covered later

HEADER NODE DATA,MYSUBMODEL
101,70.0,2.0 $ Diffusion Node
102,70.0,-2.0 $ Arithmetic

-103,70.0,2.0 $ Boundary
-104,70.0,-2.0 S Heater
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* Basic Format

— G#, Ni, Nj, Conductance

— If G# > 0 then conductor is linear: Q = G * (T;—T,)

— If G# < 0,then conductor is radiative: Q = SIGMA* G * (T# - T#)

— If Ni and Nj are in the same submodel as defined by the HEADER, then only the
node numbers need be input

— If Ni or Nj are not in the same submodel as defined by the HEADER, then the

full node qualification must be specified SUBMODEL.N

» Conductances are used by SINDA to calculate heat flows between nodes
which will satisfy the energy balance requirements

» Some special options exits for generating multiple conductor or
temperature dependent conductors...this will be covered later

HEADER CONDUCTOR DATA, MYSUBMODEL
101,101,102,10.0 $ Linear, within submodel
102,102,0THERSUB.1,10.0 $ Linear, between submodels
-103,101,SPACE.99999,0.01 $ Radiative, between submodels
104,101,103,-2.0 $ Linear (note negative!), likely FE generated
105,101, -FLUID.1,10.0 $ Linear, one way (modeling fluid flow)
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Conductance Terms

Conductance couplings are linear and typically equal to k A,/ L
Interface couplings are linear and typically equal to A¢otprint NiF

Convection couplings are linear and typically equal to A ace Neony
Radiation couplings are non-linear and typically equal to 6 Ag e € T

Where:
k - thermal conductivity

A, - cross sectional area
L - path length

Asootprint - Contact Area

Aqurace - SUrface Area

h,r - Interface conductance

h.ony - CONvection coefficient

o - stephan-boltzman constant

e — IR emissivity

F - (Script F) view factor — often computed by ray trace computer codes
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HEADER SOURCE DATA, submodel

e Basic Format
— N#, Source

LEGACY
INFO

— Q values for each node are initialized to SOURCE data values at the beginning

of VARIABLES 0

— Numerous functions may over write these Q values if you are not careful
— Recommend to avoid using SOURCE DATA, apply heat loads in

VARIABLESO or VARIABLES1 instead

» Sources are used by SINDA to drive heat flows between nodes and
towards a boundary to satisfy the energy balance requirements

» Some special options exits for generating multiple sources or temperature

dependent capacitances...this will be covered later

HEADER SOURCE DATA,MYSUBMODEL
101,70.0 $ 70 W heat load
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HEADER CONTROL DATA, submodel

e Basic Format
— ControlVariable = Value

« HEADER CONTROL DATA,GLOBAL which sets submodel independent

variables as the default for all submodels dependent versions
— SIGMA: Stefan-Boltzman Constant — default = 1.0
— ABSZRO: offset to absolute zero (subtracted from actual temps) — default =0
— NLOOPS: maximum number of iterations for steady state solutions
— TIMEQ: start problem time
— TIMEND: End problem time

» Other ControlVariables may be specific to a submodel, including:

— NLOOPT: maximum number of iterations for transient solutions

— DRLXCA/ARLXCA: maximum allowable temperature difference between iterations for
Diffusion/Arithmetic nodes

— DTMPCA/ATMPCA: maximum allowable temperature difference between timesteps for
Diffusion/Arithmetic nodes

— EBALSA: maximum allowable system energy balance (%)

— EBALNA: maximum allowable nodal energy balance (W) — Steady State only

— FBEBALA: maximum allowable nodal energy balance (W) — Transient only

— MATMET: control solution approach (lterative, Matrix, AMG-CG)

— DTIMEL: zero allows SINDA to calculate timestep, otherwise dt = DTIMEI

— OUTPUT: frequency of going to OUTPUT CALLS in Transient
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HEADER OPERATIONS DATA

* This is where the program begins...

* First thing that needs to be done is to BUILD the model by specifying which
submodels should be included in the solution

—BUILD ALL will include everything
— Otherwise: BUILD ModelName,Submodel1,Submodel2,...SubmodelN

* Next, open any additional files for output and initialize values if needed

* Then, statements need to be included to request a solution
—STDSTL or STEADY - calls routine to solve for steady state temperatures
(mass is neglected)
— FWDBCK or TRANSIENT - calls routine to solve for transient temperatures
starting from TIMEO and ending at TIMEND

« Lastly, write any output to files needed at the end of the run
—Don"t forget to close any additional files if opened earlier
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HEADER OUTPUT CALLS, submodel

* Numerous canned routine for output

* Output to ASCII file:
— CALL TPRINT(SubmodelName) — Outputs Temperatures
« Submodel name must be in * , may use ‘ALL’
— CALL QPRINT(SubmodelName) — Output Heat Loads
— CALL CPRINT(SubmodelName); Output Nodal Capacitances
— CALL GPRINT(SubmodelName); Output Conductances (File size may get large)
— CALL HNQPNT(SubmodelName); Output heat added or removed from heater
node to maintain temperature — no identifying header — DO NOT USE
— Instead use CALL HNQCAL(SubmodelName) followed by QPRINT
— CALL NODMAP* — Heat map for specified node (File size may get large)
— CALL QMAP* — Heat map for all nodes (File size may get huge)
— CALL SUBMAP — Heat flow between submodels (File size may get large)

 Output to Binary Save File:
— Call SAVE(args,0) where args is ,ALL" or a string combination of T, Q, G, C, N, or
R for Temperatures, Heat, Conductances, Capacitances, Control Constants, or
Registers respectively
— Might go to CSR folder instead of a sav file if USECSR has been called
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SINDA Model Example

L=3cm

® ® T =300 K

» As our first example let's take a solid bar with a constant cross-sectional
area of 1 sq cm and a length of 3 cm made of a material whose thermal
conductivity is 1 W/cm K. One end of the bar is held to 300 K, while 10 W
of heat is applied to the opposite end. It is desired to know the
temperature distribution along the bar...

» Consider both the Edge Node and Centroid node approach

* Note for the centroid approach two nodes need to be added for the edges

* The closed form solution shows a linear distribution from 330 K to 300 K

« Green nodes would be 330 K, 320 K, 310 K, and 300 K from left to right
* Blue nodes would be 330 K left and 300 K right
* Red nodes should be 325 K, 315 K, and 305 K from left to right

Thermal Modeling and Analysis at GSFC - 2022

189



SINDA Model Example

«— >
----------- D o O T =300K
A, =1cm?
1D Finite 1D Edge 2D Finite
Difference Nodes Element Gx6

A A C C
3 4
| | B D *
@ 7 8
C C
Where k=L =A, =1:

A=1, B=0.5, C=0.5, D=1, E= 0.16667, F= 0.16667, G=0.33333, H=0.33333, | = 2

The SINDA deck is shown on the next slide
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SINDA Model Example - Input Deck (Centroid)

HEADER OPTIONS DATA
TITLE CENTROID CASE
OUTPUT = CENTROID.out
MODEL = CENTROID
HEADER CONTROL DATA, GLOBAL A A
ABSZRO = 0.0
ARLXCA = 0.001

DRLXCA = 0.001 |
NLOOPS = 500
HEADER NODE DATA, BAR o

1, 293.15, 1.0
2, 293.15, 1.0
3, 293.15, 1.0
4, 293.15, 1.0

$ Heated end of bar

Where k=L =A,=1:

-5, 300.0, -1.0 $ Boundary End of bar A=1
HEADER CONDUCTOR DATA, BAR B—O 5
1, 1, 2, 2.0 $ Heated end, half node .

2, 2, 3, 1.0 C=0.5

3, 3, 4, 1.0

4, 4, 5, 2.0 $ Boundary end, half node D=1
HEADER SOURCE DATA, BAR —_

1, 10.0 $ 10 W load E 016667
HEADER OPERATIONS DATA, F=0.16667

BUILD ALL G=0.33333

CALL STDSTL

HEADER OUTPUT CALLS, BAR H=0.33333
M CALL TPRINT ('ALL') —_
END OF DATA I - 2
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Running SINDA

» Create the SINDA deck in your favorite text editor 5
(TextPad, UltraEdit, WordPad, Notepad, etc) i) Gaome
Input File
* Find Run SINDA/FLUINT in your Start Menu | Browse |
— Typically: Start — Programs — SindaFluint — Run SINDA P’ED’TE“D’DU‘D“‘
FLUINT oot B |
. . ) | Fun Sinda/Fluint|  Stop the Run |
» SelectBrowse beside the Input file and navigate to

your file location and select it -

° Then CIiCk “Run Sinda/Fluint” IImDutineFWDBEKtimenf’luopct=D.?29424 |

Stop Execution | Modiy Dutput Options | Pause |
— You should see it got through Preprocess, Compile/Link,
the Processor
— A window, similar to the one to the right, should pop up to Seda/TCEEEE
indicate progress e 6 coutone /s et e user s bs
— If it does not, then look at the pp.out (or whatever you
specified as the filename) for any preprocessor errors.
— If no Pre-Processor errors, check messages.txt or
messages.log for any compile or link errors
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SINDA Model Example - Output

SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER WITH FLUID INTEGRATOR PAGE 2
MODEL = CENTROID CENTROID CASE  STDSTL
SUBMODEL NAME = BAR NOTE: Initial
CALCULATED Condition  arrowep

MAX DIFF DELTA T PER ITER DRLXCC ( 0)= 1.00100 VS. DRLXCA= 1.000000E-03
MAX ARITH DELTA T PER ITER ARLXCC ( 0)= 1.00100 VS. ARLXCA= 1.000000E-03
FRACTIONAL SYSTEM LEVEL ENERGY IMBALANCE = 0.00000 VS. EBALSA= 1.000000E-02
ENERGY INTO AND OUT OF SUB ESUMIS = 0.00000 ESUMOS= 0.00000
MAX NODAL ENERGY BALANCE EBALNC ( 0)= 0.00000 VS. EBALNA= 0.00000
NUMBER OF ITERATTIONS LOORGH = 0 VS, NTLOODS= 500
PROBLEM TIME < TIvEN = 0.00000 VS. TIMEND= 0.00000 >

DIFFUSION NODES IN INPUT NODE NUMBER ORDER

T 1= 293.15 T 2= 293.15 T 3= 293.15 T 4= 293.15
ARITHMETIC NODES IN INPUT NODE NUMBER ORDER
++NONE++

BOUNDARY NODES IN INPUT NODE NUMBER ORDER
T 5= 300.00
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SINDA Model Example - Output

SYSTEMS IMPROVED NUMERICAL DIFFERENCING ANALYZER WITH FLUID INTEGRATOR PAGE 3
MODEL = CENTROID CENTROID CASE
STDSTL

SUBMODEL NAME = BAR

CONVERGENCE STATUS: SUBMODEL CONVERGED NOTE Flnal
Solution

CALCULATED ALLOWED
MAX DIFF DELTA T PER ITER DRLXCC (BAR 4) = 0.00000 VS. DRLXCA= 1.000000E-03
MAX ARITH DELTA T PER ITER ARLXCC ( 0)= 0.00000 VS. ARLXCA= 1.000000E-03
FRACTIONAL SYSTEM LEVEL ENERGY IMBALANCE = 0.00000 VS. EBALSA= 1.000000E-02
ENERGY INTO AND OUT OF SUB ESUMIS = 10.0000 ESUMOS= 10.0000
MAX NODAL ENERGY BALANCE EBALNC (BAR 4) = N N0000N AVAS FERATNA= 0.00000
NUMBER OF ITERATIONS <LOOPCT = 2 VS. NLOOPS= 500>
PROBLEM TIME TIMEN = [VSVAVAVAVAY; Vo, LTIMEND= 0.00000

DIEEUSION NODETS TN _INDUIT _NODE NIIMRER ORDER

T &0 1= 330.00 T 2= 325.00 T 3= 315.00 T 4= 305.00 1
ARTTHMETTC NODES IN INPUT NODE NUMBER ORDER

++NONE++ Results as

BOUNDARY NODES IN INPUT NODE NUMBER ORDER |

. 30000 expected !
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HEADER NODE

-8,

1,

4
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~

9,
10,

293.15, 1.
293.15, 1.
293.15, 1.

300.0, 1.0 $ Boundary End of bar

293.15,
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1.
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DATA, BAR

* Now let’s investigate a bar twice as long (6
cm) but with an Edge Node Formulation

0 $ Heated end of bar

0
0

0
0
0

S Heated end of bar

L=2cm

- L

®
o

°
——9

°
[ WP

_|

1]

(V8]

o

o

-~

0 $ Boundary End of bar
HEADER CONDUCTOR DATA, BAR

HEADER SOURCE DATA, BAR
5.0 $ 10 W load (half)
5.0 $ 10 W load (half)

1,
5,

* The closed form solution still shows a linear
distribution from 360 K to 300 K

* Green nodes would be 360 K, 340 K, 320 K, and
300 K from left to right

111

Where k=A,=1and L = 2:
B=1, C=0.25, D=2
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SINDA Model Example — Output (Edge Node)

MODEL = EDGENODE EDGENODE CASE
STDSTL

SUBMODEL NAME = BAR

CONVERGENCE STATUS: SUBMODEL CONVERGED

CALCULATED ALLOWED
MAX DIFF DELTA T PER ITER DRLXCC (BAR 7)= 0.00000 VS. DRLXCA= 1.000000E-03
MAX ARITH DELTA T PER ITER ARLXCC ( 0)= 0.00000 VS. ARLXCA= 1.000000E-03
FRACTIONAL SYSTEM LEVEL ENERGY IMBALANCE = 0.00000 VS. EBALSA= 1.000000E-02
ENERGY INTO AND OUT OF SUB ESUMIS = 10.0000 ESUMOS= 10.0000
MAX NODAL ENERGY BALANCE EBALNC (BAR 7)= 0.00000 VS. EBALNA= 0.00000
NUMBER OF ITERATIONS LOOPCT = 2 VS. NLOOPS= 500
PROBLEM TIME TIMEN = 0.00000 VS. TIMEND= 0.00000

Results as expected !

DITFUSTON NODES IN INPUT NODE NUMBER ORDER

< T 1= 360.00 T 2= 340.00 T 3= 320.00 T 5= 360.00 T 6= 340.00 T 7= 320.00 ___>
e L TN DI T NANE  NIIMRER _AODNOED
++NONE++
BOUNDARY NODES IN INPUT NODE NUMBER ORDER
T 4= 300.00 T 8= 300.00

But what about the Finite Element formulation, with the
negative conductance?
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SINDA Model Example - Finite Element

Gx6
HEADET,C(il:]D;I?TS)l;E)éZ?,67BAR Where k = A = F F F Hx2
2, 3, -0.166667 1and L =2:
3, 3, 4, -0.166667
4 5, 6, -0.166667 E 0 58333
5, 6, 7, -0.166667 F= -0 16667 E
6, 7, 8, -0.166667
7 1 5. 0.583333 G=0.41667
8, 2, 6, 1.166667 H 1 16667
9, 3, 7, 1.166667 F F F
10, 4, 8, 0.583333
E ; j 82122:2; Note the 6 conductors with a negative value...
13 3. 8 0.4166667 While this may seem illegal, the FE formulation can result in
14, 2, 5, 0.4166667 negative conductors. It just means that the heat flow cannot be
15, 3, 6, 0.4166667 = —
e 4 7 o.a16cee represented as a simple Q=GAT
DIFFUSION  NODES Lt i@ b s
< T 1= 360.00 T 2= 340.00 T 3= 320.00 T 5= 360.00 T 6= 340.00 T 7= 320.00  —>
Rl LMD T T~ NANES TN TNPIIT NODE T\T[TM'RF‘P ORDER
BOUNDARY NODES IN I;;ggNﬁggE NUMBER ORDER ReSU|tS Sti” aS eXpeCted !
T 4= 300.00 T 8= 300.00

Consider an energy flow into node 2 (5 W expected):
(-0.1667)*(360-340) + (0.41667)*(360-340) + 1.16667*(340-340) =(0.25)*20 =5
So, enerqgy balances can still be checked, just not at an individual conductor level
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Intermediate SINDA Outline

* More than a basic Node or Conductor

* Registers, User Data Global, and User Data Local
 Defining Array Data

* Logic Blocks

* Basic FORTRAN for simple tasks
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SINDA File Structure Review

* The following HEADERSs are available:

— HEADER OPTIONS DATA Titles, 1/O file names, options

— HEADER NODE DATA,smn Node descriptions

— HEADER CONDUCTOR DATA,smn Conductor descriptions

— HEADER SOURCE DATA,smn Nodal heat source descriptions

— HEADER CONTROL DATA,global or smn  Execution control "constants"-all smn's
— HEADER REGISTER DATA User variables, all smns

— HEADER USER DATA,global User variables, all smns

— HEADER USER DATA,smn User variables (numbers) one smn
— HEADER ARRAY DATA,smn User arrays

— HEADER CARRAY DATA,smn User character arrays (strings)

— HEADER OPERATIONS DATA Analysis sequence (main driver)

— HEADER OUTPUT CALLS,smn Output operations and logic

— HEADER VARIABLES 0,smn User logic: time-dependence

— HEADER VARIABLES 1,smn User logic: temperature-dependence
— HEADER VARIABLES 2,smn User logic: wrap-up

— HEADER SUBROUTINE DATA Additional user written subroutines

» Bold indicates Data block, /talics are Logic Blocks, Red covered in Intermediate
SINDA, all others covered in Basic SINDA, Headers with “,smn” are related to a
specific submodel
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More than a Basic Node or Conductor

 Certain 3 character codes can be used to make specialized nodes or
conductors

« GEN allows multiple nodes or conductors to be created

—GEN 1,3,2,70.0,13.0 would generate 3 Nodes (1,3,and 5) all with initial temperatures
of 70.0 and Capacitances of 13.0

—GEN 1,5,2,1,3,2,4,10.0 would generate Conductors 1,3,5,7,and 9 connecting
[1,2],[4,6],[7,10],[10,14],and [13,18] all with Conductances of 10.0
» SIV defines nodes or conductors as temperature varying

—SIV 1,70.0,A5,10.0 would generate node 1 with an initial temperature of 70.0 and a
capacitance that is determined by the (T,C) entries in Array 5 multiplied by 10.0

- SIVv 3,1,3,A6,5.0 would generate conductor 3 connecting [1,3] with a conductance
determined by Avg(T1,T3) and the (T,G) values in Array 6 multiplied by 5.0

« Options also exist for SIM (multiple, temperature dependent conductors)
DIV (temperature dependent based on two materials),DIM (multiple
temperature dependent based on two materials)

* |n addition to SIV, SIM, DIV, and DIM there are also SPV, SPM, DPV, and
DPM which treats the array entries as a polynomial instead of a lookup
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HEADER REGISTER DATA

« REGISTERSs are the preferred method for parameterizing a model

— Limited to 32 characters and by default are REALs, may include underscore
—May be declared as INTEGERs or DOUBLEs if needed
— Often compared to spreadsheet values, in that their inter-dependence
propagates automatically within model
» BoxThickness = 0.1
» BoxDensity = 100.0
* BoxMass = BoxDensity * BoxThickness
» Changing BoxThickness or BoxDensity will automatically change BoxMass
—May be used in Data blocks (such as NODE or CONDUCTOR DATA)

« NODE DATA Line: GEN 1,3,1,70.0,1770.0 * BoxThickness
« CONDUCTOR DATA Line: 15,BOX.1,BASEPLATE.1,BoxThickness *267.0 * 0.01/0.1

— However, personally, | have not found this “spreadsheet like” feature to be all that
useful when making adjustments in VARIABLES blocks. In essence, it works well
for data blocks, but not as well for logic blocks (in my opinion)

HEADER REGISTER DATA
BoxThk = 1.0
BoxDens = 100.0
INT:NoBoxes = 5 $ Integer Register
DP:BoxSurfArea = 25.0 S Double Precision Register
BoxMass = BoxThk*BoxSurfArea * BoxDens $ Calculated Register
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HEADER USER DATA, GLOBAL

« USER DATA,GLOBAL is an alternate way to parameterize a model with

named variables

— Largely replaced by REGISTERSs now, legacy feature
— MUST come before any submodel specific USER DATA blocks
— Follows FORTRAN implicit rules for naming (I-N are integers, all others REALS)
— Variables only exist in FORTRAN based logic blocks
 OPERATIONS,VARIABLES 0,1,2,QUTPUT CALLS,SUBROUTINE
— Cannot be used in Data Blocks
* However, the user may set node capacitances or conductor values in logic blocks and
use named variables there

HEADER USER DATA, GLOBAL
BoxThk = 1.0
BoxDens =
NoBoxes =
BoxSurfArea
BoxMass

HEADER OPERATIONS DATA

Ur Uy U U Ux

Real Value

Real Value

Integer value (based on N)
Real wvalue, calculated later
Real wvalue, calculated later

BoxThk * BoxSurfArea * BoxDens $ Calculated Value

BoxMass
MYSUBMODEL.C101

BoxMAss * 980.0 S Assign mCp to MYSUBMODEL.101
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variables

e Basic Format
— N#, Value

—Number can be referenced as either REAL or INTEGER in logic blocks

— XK# in Logic is REAL value
—K# is INTEGER value

— Be careful mixing the two as the actual storage locations in memory are

equivalenced (more on this in the advanced SINDA)

— Often used as Heater On/Off flags

HEADER USER DATA,MYSUBMODEL

1,10.0 S Real Value
101,1
102,0
HEADER OPERATIONS DATA
M MYSUBMODEL.Q101 = 5.0 * MYSUBMODEL.K102
M MYSUBMODEL.C101 = XK1 * 950.0
M MYSUBMODEL.T101 = XK101 $ This is very dangerous!!!

an integer value and now is being references as a REAL.

checks are made

It was assigned as
No type conversion
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HEADER ARRAY DATA, submodel

« ARRAY DATA is where independent/dependent data may be entered, such
as Conductivity as a function of Temperature or Flux as a function of Time

« Basic Format
— A#,Value1, Value2, Value3...., ValueN, END OR
— A# = Value1, Value2, Valued...., ValueN
— But choose one and only one format, they cannot be mixed!!

* Three types of arrays are commonly entered
— Singlet: one variable (e.g. all Times or all fluxes)
— Doublet: pairs of (Independent, Dependent) variables (e.g. Temperature, Density)
— Bivariate: groups of (Independent1,Independent2,and Dependent) variables (e.g.
Temperature, InputHeat, Power)

 Entries must be all of the same type (REAL or INTEGER) unless MIXARRAY
was specified in OPTIONS DATA

 Array entries are often strictly enforced to be monotonically increasing

« Arrays may span multiple lines, but if so, do not include a comma at the

end of the line

HEADER ARRAY DATA,MYSUBMODEL
5=1.0,2.0,3.0,4.0
5.0,6.0,7.0,8.0
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 Single Array Example
5=1.0,2.0,3.0,4.0
5.0,60.,7.0,8.0
6 =1,2,3,4
5,6,7,8

* Double Array Example
15 =1.0,100.0
2.0,110.0
3.0,120.0
4.0,130.0

 BiVariate Array Example — 3 in this case indicated how many entries there

are for the first independent variable and should be an integer!!
25 =3,0.0,20.0,50.0
1.0,0.01,0.05,0.10
2.0,0.03,0.10,0.20
3.0,0.05,0.20,0.40

« CARRAY Example — allows strings to be entered for use in Logic Blocks

HEADER CARRAY DATA,MYSUBMODEL
5 = This line describes something and is padded to fill up 1024 characters
6 = This line describes something else
7 = Any of these lines may be referenced by MYSUBMODEL.UCA5-7 in Logic
8 = Often used to include descriptions of nodes that can be output in Logic
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Logic Block Variables

* Logic blocks provide access to nearly everything in the SINDA environment

— ImpIICItly defined SINDA Variables

» Temperatures: SUB1.T101 is temperature of node 101 in the SUB1 submodel

» Heat Loads: SUB2.Q101 is applied heat of node 101 in the SUB2 submodel

» Capacitance: SUB3.C101 is m*Cp of node 101 in the SUB3 submodel

« Conductance: SUB4.G101 is conductance of conductor 101 in the SUB4 submodel

» User Data Submodel: SUB5.XK202 is the REAL variable #202 in the SUB5 submodel

» User Data Submodel: SUB6.K1 is the INTEGER variable #1 in the SUB6 submodel

« Array Data: SUB7.A5 is Array number 5 in the SUB7 submodel

» Array Data: SUB7.NAG6 is an INTEGER Array number 6 in the SUB7 submodel

» Character Array Data: SUB8.UCAS is Character Array number 5 in SUB8 submodel

« If any of these variables do not have their submodel prefix, then it is assumed to be the
submodel associated with the current HEADER or the submodel defined by DEFMOD

— Explicitly defined SINDA Control Variables (e.g. DRLXCA, DTIMEI, etc)
» SINDA creates ITEST-NTEST as global INTEGER variables and ATEST-HTEST and
OTEST-ZTEST as global REAL variables

— Explicitly defined SINDA Global Variables (REGISTER and USER DATA,GLOBAL)
— Local FORTRAN variables defined by user
— SINDA Function Library

« Hundreds of Functions and Subroutines available
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* Logic that is time dependent should be in VARIABLES 0
— Interpolation of environmental heat loads
— Assignment of constant power dissipations
— Assignment of time varying conductances (e.q. articulating arrays, deployments)

 Logic that is temperature dependent should be in VARIABLES 1
— Heater simulation
— Assignment of power dissipations that are temperature dependent
— Assignment of conductance values that are temperature dependent
— Assignment of capacitances that are temperature dependent

* Logic for processing data after convergence should be in VARIABLES 2
— Heater Duty cycle/On time calculation
— Check of current state
— Predictor/Corrector

* Logic for results output should be in OUTPUT CALLS
— Send results to OUTPUT or SAVE files
— User specified output
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General Functions

* Interpolation/Extrapolation

— 2 singlet arrays, 1 double array

— Piecewise linear, quadratic
* Input

— Load initial temperatures
* QOutput

— Results, Heat flows, Sink Temperatures
 Actual to Relative Conversion

— Nodes, Conductors, Arrays, Constants, etc
 State change

— Temporary hold as HEATER or BOUNDARY nodes
» Specialized Applications

— Heater Simulation

— Heatpipes

— TECs

— Phase Change

—PID

— Ablation
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Some Commonly Used Routines

. . . LE
Common Interpolation/Extrapolation Routines P
CALL DI1DEGI1 (TIMEN,A5,0Q101) $ A5 is a doublet array (Power vs. Time)
CALL DI1D1DA(TIMEN,A6,A7,Q101) $ A6 and A7 are singlet arrays (Time and Power respectively)
CALL D11MDA (TIMEN,A6,A7,2.0,0101) $ Same as above but multiplied by 2
CALL DIDEGZ2 (TIMEN,A5,Q101) $ Like DIDEGl but parabolic interpolation
CALL DI1D2DA(TIMEN,A6,A7,Q101) S Like D1D1DA but parabolic interpolation
CALL DAl11CY (TIMEN, PERIOD,Al,A2,0Q101) $ Cyclical interpolation (2 singlets)
CALL DA11MC (TIMEN,PERIOD,A1,A2,2.0,0101) $ Cyclical interpolation (2 singlets) with multiplier

Common Interpolation/Extrapolation Routines
Common Input Routines

CALL

RESTAR (NREC) S NREC 1s the record number in the SAVE file from

which to retrieve

Common Output Routines

CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL
CALL

TPRINT (*ALL’) $ Print Temperatures for all Submodels to Output File

QPRINT (‘ALL’) $ Print Heat Loads for all Submodels to Output File

CPRINT (‘ALL’) $ Print Capacitances for all Submodels to Output File

GPRINT (‘ALL’) $ Print Conductances for all Submodels to Output File

HNQCAL (‘ALL’) $ Calculate Heater Node Power for all Submodels - Stored in Q variables

NODMAP ( ‘MYSUBMODEL’,101,0) $ Print Heat Map for node MYSUBMODEL.101l to Output file

QOMAP ( *‘MYSUBMODEL’ ), ‘DA’ ,0) $ Print Heat Map for diffusion and arithmetic nodes in
MYSUBMODEL to Output file

SUBMAP $ Print Submodel to Submodel Heat Flows to Output file

SAVE (YTQGCR’, 0) $ Write Temps, Heat Loads, Conds, Caps, and Registers to Save file

Thermal Modeling and Analysis at GSFC - 2022

209



Some Commonly Used Routines

« Common Actual to Relative Conversion Routines INFO

CALL NODTRN (‘MYSUBMODEL’,101,ITEST) $

ITEST = INTNOD(‘MYSUBMODEL’,101) S
CALL CONTRN (‘MYSUBMODEL’,101,ITEST) $

ITEST = INTCON(‘MYSUBMODEL’,101) S
CALL MODTRN (‘MYSUBMODEL’ , ITEST) S
ITEST = MDLTRN (*‘MYSUBMODEL" ) $

CALL ARYTRN (‘MYSUBMODEL’,101,ITEST) $

LEGACY

Find index in FORTRAN T array for node MYSUBMODEL.101
and return to ITEST

Same as above, but a function instead of a subroutine
Find index in FORTRAN G array for cond MYSUBMODEL.101
and return to ITEST

Same as above, but a function instead of a subroutine
Find index in FORTRAN submodel array for submodel
MYSUBMODEL and return to ITEST

Same as above, but a function instead of a subroutine
Find index in FORTRAN A array for array MYSUBMODEL.101
and return to ITEST

More on Actual and Relative Numbering in Advanced SINDA

« Common State Change Routines
CALL HTRNOD (‘*MYSUBMODEL’,101) S Makes node SUBMODEL.101 a heater node (must have been
defined as Diffusion or arithmetic originally)

Ur

CALL RELNOD (‘MYSUBMODEL’,101)

Releases node SUBMODEL.101 back to its original type

CALL HTRMOD (‘MYSUBMODEL'’,’AD’) $ Makes all Diffusion and Arithmetic nodes in submodel
MYSUBMODEL into heater nodes

CALL RELMOD ( ‘MYSUBMODEL'’,"A") $ Releases all Arithmetic nodes in submodel MYSUBMODEL back to
their original type

Useful for temporarily suspending nodes or submodels from the solution while
including them in a BUILD (for example unconnected nodes)
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Some Commonly Used Routines

SO0 000000

Common Application Routines LEGACY
— Heater Simulation INFO

Return 1.0 if T101 is above 5.0 (off),0.0 if below -5.0 (on) to XK101l. Value is unchanged
if between -5.0 and 5.0
CALL THRMST (T101,-5.0,5.0,XK101) $ Sets XK101 to 0.0 or 1.0 based on thermostat state

Adds 10.0 W to Q101 if T101 would result in heater on. ZTEST and YTEST hold how long the
heater has been on and how many times it switched. XK101 is 0.0 if on and 1.0 if off
CALL HEATER(T101,0101,10.0,-5.0,5.0,ZTEST,YTEST, XK101)

Adds heat proportional to temperature within band (10.0 W if T101 < -5.0,4.0 W if T =
1.0, C 0.0w if T > 5.0). YTEST is how long the heater has been on. XK101 is the heat
added

CALL PHEATER(T101,0101,0.0,10.0,-5.0,5.0,YTEST,XK101)

— Heatpipes: HEATPIPE, HEATPIPE2, HPUNITS, HPGLOC
— Thermo Electric Coolers: BISTEL, TECUNITS, TECINFO, TEC1, TEC2 -
— Phase Change (Solid to Liquid): ruszon

— PID Control; PIDSET, PIDSETWPIDINIT, PID, PIDS, PIDTAB, PIDGET See SINDA/FLUINT
— Manual for specifics

— Ablation: ABLATESET, ABLATE, ABLATERATE .
on these functions
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Basic FORTRAN

« FORTRAN 77 statements must start in column 7 or greater
— Should not go beyond column 72
— Character in column 6 indicates continuation of the previous line
— Numbers in columns 1-5 reserved for optional line numbers

» Data types should be declared
— Data types are implicitly defined by first character: I-N is INTEGER, all others REAL
— INTEGER: 32 bit whole numbers, INTEBGER*8 for 64 bit
— REAL: 32 bit floating point numbers, REAL*8 for 64 bit
— CHARACTER: string values
« DIMENSION used to specify arrays of specified datatype
— Cannot dynamically allocate space though

« GOTO command allows jump to specified line number (bad practice)

Conditional Statements: Loop Statements: Conditions:
IF (Condition1) THEN DO ITEST =1,10 Not Equal: .NE.
Equal: EQ.
ELSEIF (Condition2) THEN END DO Greater Than: .GT.
Greater Than or Equal To: .GE.
ELSE Less Than: LT.
ENDIF WHILE (ITEST.EQ.1) Less Than or Equal To: LE.
Logical AND: AND.
END WHILE Logical OR: OR.
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Basic FORTRAN (1/0)

« FORTRAN allows the user to read and write data to and from files

First a file must be opened for access
— OPEN (UNIT=Spec, FILE=‘Filename’, STATUS=‘UNKNOWN’)
—e.g. OPEN(UNIT=123, FILE=‘../Heater.dc’, STATUS=‘UNKNOWN’)

The data can be read or written

— READ (Spec, FormatLine) Variablel,VariableZ,..
— WRITE (Spec, FormatLine) Variablel,VariableZ,..
—e.g. WRITE(123,*) ‘T101’,MYSUBMODEL.T101

FORMAT statements tell FORTRAN what to expect or how to write
— FORMAT (FmtSpecl, FmtSpecZ, FmtSpec3, ...)

— F10.6: decimal notation,10 characters wide,6 after decimal place (321.000000)
— E10.4: scientific notation,10 characters wide,4 after decimal place (3.2100E+00)
— 13: integer notation (321); 3X: 3 spaces; A: string

Lastly, the file should be closed when no longer needed

— CLOSE (UNIT=Spec)

C234567

F OPEN (UNIT=123, FILE=‘..\MyFile.txt’, STATUS=‘UNKNOWN’)

M WRITE (123,10) ‘Node 101 T:’,T101

F WRITE (123,10) ‘Node 101 Q:',

M 1 Q101 $ Note that F and M type statements may be split across lines
F10 FORMAT (A, 1X,F10.6)

F CLOSE (UNIT=123)
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Advanced SINDA

* How does SINDA solve for temperatures?
* The SOLVER - optimization within SINDA
* Relative vs. Actual Numbering and Equivalencing

» Extending SINDA with FORTRAN
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How Does SINDA Solve for Temperatures?

* Depending on the MATMET control constant, SINDA will solve for temperatures

either iteratively or through direct matrix inversion
* The iterative approach *may* be faster for certain classes of problems

— Having a node coupled to two other nodes, one with a very large conductor and the other

much smaller, may cause oscillations

— Avoid “hard coupling” with very large conductor
1. Iterative solves for Node i, holding all other nodes as boundary temperatures.

2. Then moves on to Node i+1,continuously using the newer temperature where applicable.

3.0nce all nodes have been solved, this is one iteration.

4.1t then checks if all node temperature changes since the last iteration are within tolerance.

5.1f so, solution found. If not, continue process until convergence or max loops reached
* The matrix methods are certainly faster for FE based or larger models
— Two algorithms available (MATMET = [1 or 2] or [11 or 12])
» Both require linearization of radiative terms

— MATMET=1/2 uses more memory and is older approach (YSMP — Yale Sparse Matrix

Package) — Gaussian Elimination

— MATMET=11/12 uses less memory and is newer approach (AMGCG — Advanced Multi Grid

Conjugate Gradient)
— Set up [G]*[T] = [Q] matrix, invert [G] and multiply by [Q] to get [T]

— [G] is often very sparse and may need to be regenerated due to linearization by [T]

» Which is faster depends on your model; don’t be afraid to play around
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 The SOLVER was introduced as an optimization scheme within the
constructs of a SINDA model

» User must define the following:
— Goal: singular value to be minimized or maximized (OBJECT)
— Design Variables: what is allowed to be varied and by how much
— Constraints: what other factors may be considered for a valid solution

 New HEADERSs introduced for SOLVER
— HEADER SOLVER DATA: control constants for SOLVER (e.g. GOAL)
— HEADER PROCEDURE: define OBJECT, call Thermal Solution
— OBJECT best to define as Root Sum Square, but other methods available
— HEADER DESIGN DATA: LowLimit <= RegisterName <= HighLimit
— HEADER CONSTRAINT DATA: LowLimit <= ConstraintName <= HighLimit
— Constraint Name limited to 8 characters and may not be a Global User Data
or Register. These represent alternative factors to consider a solution “good”
—HEADER SOLOGICO: Like Variables 0 within SOLVER
—HEADER SOLOGIC1: Like Variables 1 within SOLVER
—HEADER SOLOUTPUT: Like OUTPUT CALLS within SOLVER
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The SOLVER: Sample Problem

* 0.5 W Detector heat strapped to Aluminum radiator
 Allowable Radiator Envelope: 0.35 m x 0.1 m

* Minimum Radiator Thickness: 0.0005 m

* Sink Temperature of 40 K, ¢ =0.85

« Major GOAL : Minimize Radiator Gradient (70% importance)
« Sub-GOAL: Achieve -120°C on Detector (20% importance)

« Sub-GOAL: Keep mass low (10% importance)
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The SOLVER: Sample — Basic SINDA Setup

HEADER OPTIONS DATA OPTIONS DATA

TITLE Radiator Optimization
OUTPUT = RadOpt.out
MODEL = TEST

HEADER REGISTER DATA
RadX = 0.1

RadY = 0.1 REGISTERSs to parameterize

RadThk = 0.005

KAl = 167.9 the model

densAl = 2770.0
Mass = RadX*RadY*RadThk*densAl $ As a Register, automatically updated with other changes

T™™ax = 0.0
T™in = 0.0
HEADER NODE DATA,MAIN .
GEN 1,100,1,25.0,-1.0 $ 10 x 10 radiator 10 x 10 nodes for Rad|ator, 1
998,25.,-1.0 $ Detector .
-999,-233.,-1.0 $ Sink Temperature of 40 K HEADER CONDUCTOR DATA,MAIN for Detector, 1 for S|nk

HEADER CONDUCTOR DATA,MAIN

C X Conduction - Assume Ax = RadY/10 and L = RadX/9 for centroids

GEN 1,9,1, 1,1, 2,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0)
GEN 11,9,1,11,1,12,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0)
GEN 21,9,1,21,1,22,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0)
GEN 31,9,1,31,1,32,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0)
GEN 41,9,1,41,1,42,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0) . . . .
GEN 51,9,1,51,1,52,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0) Conduction in X Direction
GEN 61,9,1,61,1,62,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0)
GEN 71,9,1,71,1,72,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0)
GEN 81,9,1,81,1,82,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0)
GEN 91,9,1,91,1,92,1,kAl * RadThk * (RadY / 10.) / (RadX / 9.0)
C Y Conduction - Assume Ax = RadX/10 and L = RadY/9 - for centroids
GEN 101,10,1, 1,1,11,1,kAl * RadThk * (RadxX / 10.) / (RadY / 9.0)
GEN 111,10,1,11,1,21,1,kAl * RadThk * (Radx / 10.) / (RadY / 9.0)
GEN 121,10,1,21,1,31,1,kAl * RadThk * (RadxX / 10.) / (RadY / 9.0)
GEN 131,10,1,31,1,41,1,kAl * RadThk * (RadX / 10.) / (RadY / 9.0) . . . .
GEN 141,10,1,41,1,51,1,kAl * RadThk * (RadX / 10.) / (RadY / 9.0) Conduction in Y Direction
GEN 151,10,1,51,1,61,1,kAl * RadThk * (RadX / 10.) / (RadY / 9.0)
GEN 161,10,1,61,1,71,1,kAl * RadThk * (RadX / 10.) / (RadY / 9.0)
GEN 171,10,1,71,1,81,1,kAl * RadThk * (RadX / 10.) / (RadY / 9.0)
GEN 181,10,1,81,1,91,1,kAl * RadThk * (Radx / 10.) / (RadY / 9.0)
C Radiation . . .
GEN -1001,100,1,1,1,999,0,0.85 * (RadX/10.0) * (RadY/10.0) Radiation to sink
C Strap to Radiator, note that this comes near the lower left corner
999,998,78,kAL * 0.025 * 0.003 / 0.1 $ 10 cm long,2.5 cm wide,0.3 cm thick,Al fi(}i!t S;trii[) to (:(BlltEBr
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The SOLVER: Sample — SOLVER Specific Setup

HEADER CONTROL DATA, GLOBAL
SIGMA=5.67E-8

ABSZRO = -273.15

TIMEND = 1000.0

NLOOPS = 100000

DRLXCA = 1.0E-5
HEADER OPERATIONS
BUILD ALL

CALL SOLVER

M CALL TPRINT ('ALL'")
HEADER DESIGN DATA

0.0005 <= RadThk <= 0.01

0.05 <= RadX <= 0.1

0.05 <= RadY <= 0.35
HEADER PROCEDURE
TMax = -200.0
TMin = 200.0
DO ITEST = 1,100

KRR MmmEmam

CALL STEADY
HEADER OUTPUT CALLS,
TMax = -200.0
TMin = 200.0
DO ITEST = 1,100

MAIN

s B s B <

CONTROL DATA
OPERATIONS
Call to SOLVER
DESIGN DATA
PROCEDURE

Find Tmin and Tmax for Gradient

IF (T (INTNOD('MAIN',ITEST)).LT.TMIN) TMIN = T (INTNOD ('MAIN', ITEST))

IF (T (INTNOD('MAIN',ITEST)).GT.TMAX) TMAX = T (INTNOD ('MAIN', ITEST))
END DO
OBJECT = (0.1*Mass) + (0.2*ABS(MAIN.T998-(-120.)) + (0.7* (Tmax-Tmin))) $ Hold -120C while minimizing Gradient
GOAL = 0.0 $ Try to get Object to zero

Define Object to optimize and
Call Thermal Solution (STEADY)

IF (T (INTNOD ('MAIN',ITEST)).LT.TMIN) TMIN = T (INTNOD('MAIN',ITEST)) . . .
IF (T (INTNOD ('MAIN',ITEST)).GT.TMAX) TMAX = T (INTNOD('MAIN',ITEST)) Flnd Tmln and Tmax for Grad|ent
END DO
OBJECT = (0.1*Mass) + (0.2*ABS(MAIN.T998-(-120.)) + (0.7* (Tmax-Tmin))) $ Hold -120C while minimizing Gradient
WRITE (NOUT, *) OBJECT .
WRITE (NOUT.*) 'RadX ',RadX Redefine value of OBJECT based
WRITE (NOUT, *) 'RadY ',RadY
WRITE (NOUT,*) 'RadThk ',RadThk on updated temperatures
WRITE (NOUT, *) 'Mass ',Mass
WRITE (NOUT, *) 'Tmax ', Tmax - -
WRITE (NOUT,*) 'Tmin ',Tmin Output relevant information
WRITE (NOUT, *) 'Temp ',MAIN.T998

HEADER VARIABLES1,MAIN
M Q998 = 0.5 $ 0.5 W of detector dissipation
END OF DATA

Add 0.5 W of dissipation to detector
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The SOLVER: Example — Output

6.51941670031157

RadX
Rady

RadThk

Mass
Tmax
Tmin
Temp

0.100000000000000
0.100000000000000
5.000000000000000E-003
0.138500000000000
-93.1916848597173
-93.6913708397929
-89.2210674287068

6.51136858371543

RadX
RadyY

RadThk

Mass
Tmax
Tmin
Temp

0.100000000000000
0.100000000000000
5.100000000000000E-003
0.141270000000000
-93.1990505119184
-93.6889479403427
-89.2284330809078

6.70060747965006

RadX
RadyY

RadThk

Mass
Tmax
Tmin
Temp

9.800000000000000E-002
0.100000000000000
5.000000000000000E-003
0.135730000000000
-92.2846087730940
-92.7843698417608
-88.3139913420835

6.34282065935889

RadX
RadyY

RadThk

Mass
Tmax
Tmin
Temp

0.100000000000000
0.102000000000000
5.000000000000000E-003
0.141270000000000
-94.0762859879434
-94.5760393747227
-90.1056685569329

5.88865222883556

RadX
RadyY

RadThk

Mass
Tmax
Tmin
Temp

0.100000000000000
0.107368120157434
5.016789586505306E-003
0.149204184994584
-96.3481208564904
-96.8470244213934
-92.3775034254799

0.435140508791916

RadX
Rady

RadThk

Mass
Tmax
Tmin
Temp

0.100000000000000
0.212863762437403

5.257559652919626E-003

0.310002868321797
-123.977300279171
-124.552734068211
-120.006682848161

0.434524556462765

RadX
RadyY

RadThk

Mass
Tmax
Tmin
Temp

0.100000000000000
0.212801959035887

5.257798101008654E-003

0.309926916902417
-123.966605028417
-124.541932720208
-119.995987597406

0.434292286303274

RadX
RadyY

RadThk

Mass
Tmax
Tmin
Temp

0.100000000000000
0.212840155638721

5.257650731984784E-003

0.309973858424841
-123.973215520157
-124.548608781059
-120.002598089147

0.434353676501999

RadX
RadyY

RadThk

Mass
Tmax
Tmin
Temp

0.100000000000000
0.212841864083419

5.257644140513062E-003

0.309975957936477
-123.973511156074
-124.548907349925
-120.002893725063

0.433767999879875

RadX
Rady

RadThk

Mass
Tmax
Tmin
Temp

0.100000000000000
0.212825565837466

5.257707021932317E-003

0.309955928730251
-123.970690714441
-124.546058929185
-120.000073283431

FROM HEADER PROCEDURE. ..

OBJECT =

(0.7* (Tmax-Tmin))) $ Hold -120C while minimizing
Gradient

WRITE (NOUT, *) OBJECT

WRITE (NOUT, *) 'RadxX ',RadXx
WRITE (NOUT, *) 'Rady ',Rady
WRITE (NOUT, *) 'RadThk ',RadThk
WRITE (NOUT, *) 'Mass ',Mass
WRITE (NOUT, *) 'Tmax ', Tmax
WRITE (NOUT, *) 'Tmin ', Tmin
WRITE (NOUT, *) 'Temp ',MAIN.T998
FINAL SOLUTION

RadX: 0.05 <= 0.1 <=0.1
RadY: 0.05 <= 0.21282 <= 0.35

RadThk: 0.0005 <= 0.000525 <= 0.01 T998 = -

120.0000 (Goal of -120°C)

Mass: 0.30996 kg
Gradient: 0.5754°C

Note: if the RadX dimension
is allowed to go to 0.2, the

optimum solution is a

square, which intuitively

makes sense

RadX
Rady
RadThk
Mass
Tmax
Tmin
Temp

0.373113566535000

0.145831259373365
0.145831259373365

(0.1*Mass) + (0.2*ABS(MAIN.T998-(-120.)) +

5.105345046710294E-003

0.300750335885368
-123.967934258405
-124.457222684727
-119.997316827394
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SINDA Data Structures

 Numbers for Nodes, Arrays, Conductors, etc entered by the user are

referred to as Actual Number

* These values are all compressed into singular arrays for Temperatures, Heat

Loads, Capacitances, Conductances, Arrays etc. The corresponding index

of a given entry is the Relative Number

—Nodes are first grouped by Input Order (Submodel),then by type (D,A,B,H)

— Conductors are grouped by Input Order (Submodel),then type (L,R)
— Arrays are grouped by Input Order (Submodel)

 INTNOD or NODTRN for node conversion

« INTCON or CONTRN for conductor conversion [ IS

« ARYTRN for array conversion MYSUBMODEL.T(101)

HEADER NODE DATA,MYSUBMODEL MYSUBMODEL.T(102)
101, 70.0, 2.0 $ Diffusion Node MYSUBMODEL_T(103)
102, 70.0, 2.0 $ Arithmetic Node
-103, 70.0, 2.0 $ Boundary Node MYSUBMODEL.T(104)
-104, 70.0, 2.0 $ Heater Node

HEADER NODE DATA,MYSUBMODEL MYSUBMODEL2.T(101)
-103, 70.0, 2.0 $ Boundary Node MYSUBMODELZ_T(102)
102, 70.0, 2.0 $ Arithmetic Node
101, 70.0, 2.0 $ Diffusion Node MYSUBMODEL2.T(103)

T(1)
T(2)
T(3)
T(4)
T(5)
T(6)
T(7)
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SINDA Array Data Structures

 Arrays are handled a bit differently
— All HEADER ARRAY data from user stored in one contiguous A array

— There is a FORTRAN EQUIVALENCEd NA array with the A array 1 4 € A1
— What this means is that both NA and A reference the same location in 2 1_0 ?
memory 3 20 7
— Retrieving something from an index location in A will treat the bits 4 30 ?
as if they were stored as a REAL number (i.e. floating point) 5 40 ?

— Retrieving something from the same index location in NA will treat the bits 6 ? 3 €A10
as if they were stored as an INTEGER number 7 23 ?
— This allows both INTEGER and REAL data to be stored in a contiguous 8 32 ?
block of memory 9 33 ?

— Each index contains only one valid data entry (either INTEGER or REAL), 10 2 3 <A1
but not both 11?2 1
» SINDA also stores one more index than the number of entries 12 7 2
— This first index indicates how many entries exist in the array (N

14 7 4 & A21
HEADER ARRAY DATA,MYSUBMODEL 15 2 2
1 =1.0,2.0,3.0,4.0 16 1.0 ?
10 = 2.3,3.2,3.3 17 2 3

11 =1,2,3
21 = 2,1.0 $ Only Valid if MIXARRAY specified in OPTIONS DATA!!! 18 20 7
3,2.0

4 .
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SINDA User Variable Data Structures

« USER DATA, Submodel uses a similar EQUIVALENCE trick

— All USER DATA is stored in one contiguous XK array

— There is a FORTRAN EQUIVALENCEd K array with the XK array

— What this means is that both K and XK reference the same location in memory

— Retrieving something from an index location in XK will treat the bits as if they were
stored as a REAL number (i.e. floating point)

— Retrieving something from the same index location in K will treat the bits as if they were
stored as an INTEGER number

— This allows both INTEGER and REAL data to be stored in a contiguous block of memory

— Each index contains only one valid data entry (either INTEGER or REAL), but not both

HEADER USER DATA,MYSUBMODEL
1, 1.0

2, 0.0 m--:-

HEADER USER DATA,MYSUBMODELZ2

11 1 ? MYSUBMODEL. 1
2, 0 2 0.0 ? MYSUBMODEL.2
3, 0.0
C This one will luck out and return =zero 4 2 0 MYSUBMODEL2.2
M WRITE (NOUT, *) MYSUBMODELZ2.K3
C This one will be unpredictable!! S 0.0 ? MYSUBMODEL2.3
M WRITE (NOUT, *) MYSUBMODELZ.XK1
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Extending SINDA with FORTRAN

* Most of SINDA's data as accessible to the user through FORTRAN
— The only real exception is what is happening internal to any of their library routines

* Including a user SUBROUTINE with an M-type CALL COMMON line, will
include all common blocks for SINDA, granting the user access to the T, Q,
G, C, etc arrays as well as all the control constants and other SINDA data
structures

« Variety of Variables are at your disposal
— NNOD is the number of nodes
— MMODS is the number of submodels
— NDNAM(Size=NNQOD) array contains the Submodel Name for each node
— NDINT(Size=NNOD) array contains the node number for each node
— NMOD(Size=MMODS) array contains list of Submodel Names
— NSTRT(Size=MMODS) array contains starting node index for specified Submodel Index
— NMDIF(Size=MMODS) contains # of Diffusion nodes for specified Submodel Index
— NMARI(Size=MMODS) contains # of Arithmetic nodes for specified Submodel Index
— NMBD(Size=MMODS) contains # of Boundary nodes for specified Submodel Index
— NMHT(Size=MMODS) contains # of Heater nodes for specified Submodel Index
— ARLXCA, ARLXCC, DRLXCA, DRLXCC, CSGMIN, etc (Size=NMODS) all contain the
corresponding SINDA variable for the specified submodel index

Thermal Modeling and Analysis at GSFC - 2022

224



Sample: TMGPRTDP
TMG-Like output with User Specified format

Routine to write out SINDA/FLUINT data in TMG-like format with formatting as supplied by the user
'l Double Precision Only !!!

SUBROUTINE TMGQPRT (UNITSP, STREFMT) Call to Common to Access SINDA
CALL COMMON
INTEGER UNITSP
INTEGER TMGK, TMGJ, TMGI, N . .
CHARACTER* 42, NODDNAME Variable Declarations
CHARACTER*8 NODENO
CHARACTER*32 STRFMT
CHARACTER*42 TMPFMT

Check that input was provided

C

C

C

C

F

M

F

F

F

F

F

F

C

C

F IF (STREMT.EQ.' ') THEN
F WRITE (UNITSP, ' (A)') 'ERROR: No format specifier given!!!’ .
F ELSE Assemble Format String

F TMPFMT="' (A42,1X,"' // STRFMT // ")'

M IF(NSOL.LE.1l) THEN .

F WRITE (UNITSP, ' (16,1X,A)') -99999, 'SS" Output Appropriate Header (SS vs. TR)
F ELSE

F WRITE (UNITSP,'(I6,1X,E18.11)"') -99999, TIMEN

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

ENDTF Loop through all nodes

DO TMGI=1,NNOD
WRITE (UNIT=NODENO, FMT=" (18) ') NDINT (TMGT) Store NodeNo as Char*8,Get Submodel
NODENAME = NDNAM (TMGI)
TMGJ = 1
DO WHILE (NODENO (TMGJ:TMGJ) .EQ." ") 1 h 1
aRILE. (NODENO! Find Trailing whitespace for NodeNo
END DO
DO N = 1,LEN (NODENAME) . g .
IF (NODENAME (N:N).EQ.' ') THEN Find Tralllng Whltespace for Submodel
= :N- /). :
doro a5 HopERe e And assemble as Submodel.NodeNo
ENDIF
END DO
CONTINUE

WRITE (UNTTSP, TMPFT) NODENAME, O (THGI) Get Double Precision Temperature and
END DO write to File in user specified format

END IF
END

=
(6]
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Sample: TMGPRTDP Output

HEADER OPERATIONS DATA
F CHARACTER*32 STRFMT

C
F
C
M CALL STDSTL

C

M CLOSE (680)

HEADER OUTPUT CALLS,MAIN

CHARACTER*32 STRFMT

STRFMT='F18.9"
CALL TMGPRTDP (680, STRFMT)
ENDIF

=M1 /g Q9

END OF DATA

Open a temperature and heat file for TMG-1like output
OPEN (UNIT=680, FILE="..\Output.tmg', STATUS = 'UNKNOWN')

IF((TIMEN.GE. (27812.0)) .0OR.

-99999 Ss

CDH.
CDH.
CDH.
CDH.
CDH.
CDH.
CDH.
CDH.
CDH.
CDH.
CDH.
CDH.
CDH.
DFU.
DFU.
DFU.
DFU.
DFU.
DFU.

UBS

1002
1003
1004
1005
1006
1007
1008
1101
1102

2206
2207
2208
2209
1

o U b W N

MLI.

UBS MLI.
(LEOP.EQ.1)) THEN UBS_MLI.
UBS MLI.
UBS MLI.
UBS_MLI.
UBS MLI.
UBS MLI.
-99999

CDH.
CDH.
CDH.
CDH.
CDH.

1002
1003
1004
1005
1006

105002
105003
105004
105005
105006
105007
105008
105009

0.28200000000E+05

86.
.831876488
52.
53.
82.
32.
38.
39.

.714309132
.691085165
.724342888
.094802865
.321929573
.824265046
.917145871
.855667787
.851964618

.132241624
.214881071
.255354058
.362248950
.209298608
.210654863
.241078186
.259009639
.110150270
.211591894

173589647

959941162
982811265
727261291
061672761
585060777
619218036

.230735342
.195073628
.225618560
.596811058
.818744199
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Sample: Conv_Trace

C-mmm .
C !'!! Convergence Trace !!! F CONVERGED = 1
C-———— == F IF (ABS (DRLXCC(I)) .GT.DRLXCA(I)) CONVERGED = 0
F SUBROUTINE CONV_TRACE (FileSpec) F IF (ABS (ARLXCC(I)) .GT.ARLXCA(I)) CONVERGED = 0
M CALL COMMON F IF (ABS (DTMPCC(I)) .GT.DTMPCA(I)) CONVERGED = 0
F INTEGER FileSpec, I, CONVERGED F IF (ABS (ATMPCC(I)) .GT.ATMPCA(I)) CONVERGED = 0
F DO I=1,MMODS F IF (CONVERGED.EQ.Q) THEN
M IF(NSOL.EQ.1) THEN F WRITE (FileSpec,10) TIMEN,','
F CONVERGED = 1 F WRITE (FileSpec,11) LOOPCT,','
F IF (ABS (DRLXCC(I)) .GT.DRLXCA(I)) CONVERGED = 0 F WRITE (FileSpec,9) NMOD(I),','
F IF (ABS (ARLXCC(I)) .GT.ARLXCA(I)) CONVERGED = 0 F WRITE (FileSpec,10) DRLXCA(I),','
F IF (CONVERGED.EQ.0) THEN F WRITE (FileSpec,10) DRLXCC(I),','
F WRITE (FileSpec,10) TIMEN,',' F WRITE (FileSpec,11) NDRLXN(I),','
F WRITE (FileSpec,11) LOOPCT,',' F WRITE (FileSpec,10) ARLXCA(I),','
F WRITE (FileSpec,9) NMOD(I),',' F WRITE (FileSpec,10) ARLXCC(I),','
F WRITE (FileSpec,10) DRLXCA(I),',' F WRITE (FileSpec,11) NARLXN(I),','
F WRITE (FileSpec,10) DRLXCC(I),',' F WRITE (FileSpec,10) DTMPCA(I),','
F WRITE (FileSpec,11) NDRLXN(I),',' F WRITE (FileSpec,10) DTMPCC(I),','
F WRITE (FileSpec,10) ARLXCA(I),',' F WRITE (FileSpec,11) NDTMPN(I),','
F WRITE (FileSpec,10) ARLXCC(I),',' F WRITE (FileSpec,16) ATMPCA(I),','
F WRITE (FileSpec,11) NARLXN(I),',' F WRITE (FileSpec,10) ATMPCC(I),','
F WRITE (FileSpec,10) EBALSA(I),',' F WRITE (FileSpec,12) NATMPN(I),','
F WRITE (FileSpec,13) ESUMIS(I),',' F ENDIF
F WRITE (FileSpec,13) ESUMOS(I),',' M ENDIF
F WRITE (FileSpec,13) EBALSC,',' F9 FORMAT (A8, A2\)
F WRITE (FileSpec,13) TSuMmIs,',' F10 FORMAT (F10.2,A,\)
F WRITE (FileSpec, 14) TSUMOS,',' Fl1 FORMAT (I10,A,\)
F ENDIF Fl12 FORMAT (I10,A)
M ELSE F13 FORMAT (F11.4,A\)
Fl4 FORMAT (F11.4,2)
F15 FORMAT (D11.4,A\)
Fl6 FORMAT (E11.2,A\)
F END DO
F END
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Sample: Conv_Trace Output

Lists:

TimeStep, LoopCt, Submodel, DRLXCA, DRLXCC, NDRLXN, ARLXCA, ARLXCC , NARLXN , EBALSA, ESUMIS , ESUMOS , EBLASC, TSUMIS, TSUMOS for

any submodels which did not meet convergence criteria when this subroutine was called
0.00, 5000,pPY DIODE, .00, ©0.00, 10190, o0.00, 0.00, 10111, ©0.01, 107.7526, 0.0000, -0.0102, 0.0000, 0.000O,
0.00, 5000,MY DIODE, 0.00, 0.00, 10450, 0.00, 0.08, 10521, 0.01, 76.3841, 0.0000, -0.0102, 0.0000, 0.000O0,
0.00, 5000,KAHTR , 0.00, 0.00, 0, 0.00, -0.01, 4071, 0.01, 0.0000, 0.0000, -0.0102, 0.0000, 0.000O,
0.00, 5000,KAPR , 0.00, 0.00, 16524, 0.00, 0.05, 44302, 0.01,1371.5599, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,KUHTR , 0.00, 0.00, 6, 0.00, 0.16, 11432, 0.01, 0.0000, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,KUPR , 0.00, 0.09, 51432, 0.00, 0.02, 15114, 0.01,3418.2185, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,GMI , 0.00, -0.10, 1227, 0.00, -0.10, 7991, 0.01,1168.1204, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,RF p 0.00, ©0.00, 11014, 0.00, 0.00, 102460, 0.01, 65.8247, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,PY ACT , 0.00, 0.00, 132, 0.00, 0.00, 1132, 0.01, 10.4051, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,ACS5 , 0.00, 0.00, 22, 0.00, 0.00, 10020, ©0.01, 5.4127, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,ACS6 , 0.00, 0.00, 22, 0.00, 0.02, 10032, 0.01, 5.2209, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,ACs , 0.00, -0.01, 3, 0.00, 0.03, 200003, 0.01, 91.6071, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,MY SA P 0.00, -0.26, 24127, 0.00, 0.13, 124126, 0.01,9846.1025, 0.0000, -0.0102, 0.0000, 0.000O,
0.00, 5000,NEA1 , 0.00, 0.00, 2001, 0.00, O0.00, 11043, 0.01, 4.5772, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,NEA2 , 0.00, 0.00, 1009, o0.00, -0.02, 11021, 0.01, 4.7244, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,NEAS5 , 0.00, 0.00, 5020, ©0.00, 0.00, 11012, 0.01, 5.3195, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,NEAS8 , 0.00, 0.00, 6003, 0.00, -0.02, 16037, 0.01, 5.0826, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,PROP , 0.00, -0.01, 1, 0.00, 0.01, 200140, 0.01, 94.5073, 0.0000, -0.0102, 0.0000, 0.000O0,
0.00, 5000,PROPRNG , 0.00, 0.00, 62, 0.00, 0.01, 100063, 0.01, 155.8436, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,PRPDECK , 0.00, 0.00, 55, 0.00, 0.02, 200047, ©0.01, 170.0131, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,PY BOOM , 0.00, 0.00, 3051, o0.00, ©0.00, 10118, ©0.01, 77.9972, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,PY HARN , 0.00, 0.00, 2, 0.00, 0.00, 223, 0.01, 11.6835, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,PY SA , 0.00, 0.06, 21214, 0.00, -0.03, 121216, 0.01,14190.6582, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, BOOO,PY:SADA , 0.00, 0.00, 123, 0.00, -0.01, 200104, 0.01, 10.6203, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,RAD ACE , 0.00, 0.00, 1145, 0.00, 0.00, 101105, ©0.01, 12.8975, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,RAD AM , 0.00, 0.01, 11148, 0.00, 0.00, 101300, 0.01, 45.9346, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,SsA HNG , 0.00, -0.01, 200, 0.00, 0.00, 100200, 0.01, 41.2432, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000, TAM , 0.00, -0.01, 15, 0.00, 0.00, 100002, ©0.01, 1.7128, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,UBSTRUSS, ©0.00, 0.00, 14034, 0.00, 0.00, 144032, 0.01, 48.8929, 0.0000, -0.0102, 0.0000, 0.0000,
0.00, 5000,UBS DECK, 0.00, 0.89, 209266, 0.00, -0.06, 10147, 0.01, 88.8816, 0.0000, -0.0102, 0.0000, 0.0000,
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Sample: Get_Orbit

C _____________________________________________________________________________________

C !!! GETORBIT !!! -Used to determine if in eclipse or not for power purposes

C _____________________________________________________________________________________
SUBROUTINE GETORBIT(TIME_ARRAY, ECLIPSE_ENTRY, ECLIPSE_EXIT, PERIOD)
CALL COMMON Call to Common to Access SINDA
INTEGER NoEntries, I \/ . bl [) | r
REAL TIME ARRAY, TIME ARRAY1, ECLIPSE ENTRY, ECLIPSE EXIT ariaple eclarations
REAL CUR TIME, PREV TIME, MAX DELTAF DIMENSION TIME ARRAY (1) . . .
EQUIVALENCE (TIME ARRAY1, NoEntries) Equivalence trick to access first
TIME ARRAY1 = TIME_ARRAY (1) entry of array as integer
ECLIPSE_ENTRY = 0. Get Period from last entry

ECLIPSE EXIT = 0.
PERIOD = TIME ARRAY (1+NoEntries)
MAX DELTA = PERIOD/1000.

DO 1=2,NoEntries - Loop through all entries looking for
PREV_TIME = TIME ARRAY (I . .
CUR TIME - TIME ARRAY (1+1) when Dtime is small enough to
IF (((CUR_TIME-PREV TIME).LT.MAX DELTA).AND. (ECLIPSE ENTRY.EQ.0.)) THEN suggest eclipse
ECLIPSE ENTRY = CUR TIME
ELSEIF (((CUR_TIME-PREV TIME) .LT.MAX DELTA) .AND. (ECLIPSE ENTRY.NE.O.)) THEN
ECLIPSE EXIT = CUR _TIME
ENDIF
END DO

Check for full sunorbit

Check if no eclipse is present
IF ((ECLIPSE ENTRY.EQ.0.0) .AND. (ECLIPSE EXIT.EQ.0.0)) THEN
Now check to make sure that ECL EXIT-ECL ENTRY < half of PERIOD

ELSEIF ((ECLIPSE EXIT-ECLIPSE ENTRY) .LT. (PERIOD/2.)) THEN
ECL EXIT-ECL ENTRY > half of PERIOD, swap em
ELSE

CUR TIME = ECLIPSE EXIT . . .
ECLIPSE EXIT — ECLIDSE ENTRY Check that eclipse duration is longer

ECLIPSE ENTRY = CUR TIME than sunlit duration
ENDIF
END

e e B B e O T O T I I I B B B s I T I B R B I T L B L B B
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Sample: SUB_ MAX_RANGE

C SUB_MAX RANGE - Used to find Maximum Temperature for nodes in specified Submodel and
C within specified node range

C _____________________________________________________________________________________
REAL FUNCTION SUB MAX RANGE (MYSUBNAM, STARTNO, ENDNO)
CALL COMMON Call to Common to Access SINDA
INTEGER I VAR, J VAR, STARTNO, ENDNO, LEN MYSUBNAM Variable Declarations

CHARACTER*32 MYSUBNAM
CHARACTER*32 MYSUBNAM2
CHARACTER*32 MYSUBCHK
DOUBLE PRECISION TEMP
DOUBLE PRECISION TMIN, TMAX
TMIN = 100000.0 Get Period from last entry
TMAX = -100000.0
LEN_MYSUBNAM =0
DO I_VAR=1,LEN(MYSUBNAM)
IF (ICHAR(MYSUBNAM(I_VAR:I_VAR)).EQ.O) THEN

IF (LEN MYSUBNAM.EQ.0) THEN LOOp through all entries to get
e TR = R length of MYSUBNAM with no
ENDIF spaces
END DO
DO I VAR=1,MMODS Loop through all submodels
MYSUBCHK = NMOD (I_VAR) Check that Sub length is correct and
IF ( (LEN (TRIM(MYSUBCHK)) .EQ.LEN MYSUBNAM) .AND.
1 (MYSUBNAM (1:LEN_MYSUBNAM) .EQ. MYSUBCHK (1:LEN MYSUBNAM)) ) THEN that they match MYSUBNAM

DO J VAR=NSTRT (I_VAR), NSTRT(I_VAR)+NMDIF(I_VAR) + NMARI(I_VAR) + NMHT(I_VAR) + NMBD(I VAR)-1
IF ((NDINT(J VAR) .GE.STARTNO) .AND. (NDINT (J VAR) .LE.ENDNO)) THEN .
- p If so, then start looking through

CALL DPTEMP (MYSUBCHK, NDINT (J _VAR), 'GET', TEMP)

L e T T e e I B R L B B I T T O s L B B R B B B o o L L B B B B

LF (TEMP.GT. TMAX) TMAX = TEMP nodes in this submodel and if they
IF(TEMP.LT.TMIN) TMIN = TEMP . .
ENDIF are in range, get temps and store Min
END DO and Max
END IF

END DO

SUB_MAX_RANGE = REAL (THAX) Return Maximum Temp found

RETURN

END
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Thermal Calculations
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What’s Happening When SINDA runs?

RECALL: In the end, SINDA models are really just compiled FORTRAN programs

« The preprocessor begins by expanding all the INSERT and INCLUDE
directives in the inp file. This expanded SINDA file is then processed to
identify the:

» DATA portions (Nodes, Conductors, Arrays, etc) which are stored in binary files
» LOGIC portions (Operations, Variables 1, Output Calls, etc) which are written as

FORTRAN instructions, making the necessary conversions from ACTUAL numbers to
RELATIVE numbers in the code

* Once the model is preprocessed, the complete FORTRAN file along with the
SINDA library files are compiled to generate the executable, which is
subsequently executed to perform the thermal simulation

* The entry point for the program is the OPERATIONS block, which must
include a BUILD directive to specify which submodels to include in the
solution. Most often, the OPERATIONS block also includes calls to
STEADY or TRANSIENT to execute the desired simulation as requested by
the user
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What’s Happening When SINDA runs?

« When a STEADY or TRANSIENT solution routine is called, a sequence of

subroutines are then called, one for each submodel included in the BUILD statement
« VARIABLES 0: instructions to be performed at the start of each solution or timestep (best

location for time dependent logic)

« VARIABLES 1: instructions to be performed at the start of each iteration during steady

state solutions or timestep during transient (best location for temperature dependent logic)
» Note that using the NVARB1 control constant can alter the default behavior to execute this logic after

each iteration during TRANSIENT runs as well, but to enable this, it must be specified by the user

 VARIABLES 2: instructions to be performed upon convergence or when maximum number

of loops is reached during solution iteration (best location for state logic, e.qg. heater on)
» After the last submodel’s VARIABLES 1 instructions have been executed, SINDA

performs the actual temperature solution for the current iteration

« For STEADY solutions, the solution continues until convergence is met, defined by:
« A/DRLXCA — maximum allowable temperature change between iterations for Arith. and Diff. nodes

« EBALNA — maximum allowable nodal energy imbalance (W)
 EBALSA - total allowable SYSTEM energy imbalance (%)

 NOTE that A/ADRLXCA and EBALNA may vary for each submodel, allowing tighter local convergence

* For TRANSIENT

« A/DRLXCA — maximum allowable temperature change between iterations for Arith. and Diff. nodes
« A/DTMPCA — maximum allowable temperature change between timesteps for Arith. and Diff. nodes

 FBEBALA — maximum allowable nodal energy imbalance in transient (%)
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What’s Happening When STEADY runs?

Entry
LOOPCT =

v LOOPCT + 1
VARIABLES O:

Submodels 1-N

No

Yes

A 4

VARIABLES 1:
Submodels 1-N

A 4

Solve For EBALNA EBALSA
Temperatures Met? Met?
Check for Submodel 1-N
VARIABLES 2:

Submodels 1-N )

\ 4

OUTPUT CALLS

Exit
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What’s Happening When TRANSIENT runs? §

Entry
VARIABLES O:
Submodels 1-N Reduce DTIMEU, Check for Submodel 1-N
Reset T( ) to

No NVARB1 LOOPCT = TOLD( ) and
LOOPCT +1 LOOPCT =0
Yes A

VARIABLES 1:
Submodels 1-N

A 4

Solve For
Temperatures

\ 4

Update TIMEO = TIMEN
TIMEN = TIMEN+DTIMEU

VARIABLES 2: |
Submodels 1-N

Yes

OUTPUT CALLS

Exit
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Solving for Temperatures

» SINDA has two types of methods for solving for temperatures:

» Matrix Inversion (MATMET <>0): all conductors are processed to represent the nodal

energy balance system of equations in a matrix format [G][T] = [Q] where:

* [G] is a matrix where each (i,j) entry represents all connections between node i and j and where radiative
terms are linearized by (T, + T))(T#+T?)

* [T] is a vector of temperatures to be solved

* [Q] represents any impressed loads as well as stored/released energy based on mCp dT/dt as the
temperature solution is evolved through iterations due to the linearization and mCP effects

» Solving for [T] requires inversion of [G] such that [T] = [Q][G]. this is the computationally expensive part

» Two solution approaches in SINDA (YSMP: Yale Sparse Matrix Package [1,2] and AMG-CG: Advanced
Multigrid Conjugate Gradient [11,12]) Can be applied for the entire model or solving at a submodel level.

* Default is generally MATMET=12: AMG-CG for entire model

« Iterative (MATMET=0): each node is solved one at a time for its energy balance based

on capacitance, adjoining conductors and their associated nodes

» Was the original SINDA solution approach. Matrix solutions are considerably faster for solving most
classes of problems, so this method is generally preserved for backwards compatibility, but is not usually
recommended for general use (think of perturbations as a pebble in a pond...how long for a wave
generated by the perturbation to reach the shore? (i.e. how long before T, change is felt at T,)

« Many more iterations necessary to propagate changes throughout the model, but faster to solve one full
iteration than matrix solutions, which advance the solution simultaneously for all nodes

» As nodes are solved from i = 1:n, Temperatures of nodes already solved during current iteration are used

for subsequent node solutions within current iteration. As such, the order of the solution is varied [Start,
End,Step] of [1,n,1], then [n,1,-1], then [1,n,2] and [n,1,-2] to fill in remaining nodes)...see NSOLOR
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Extrapolating to Reach Best Solution

« SINDA has multiple methods to help accelerate convergence to the best temperature
solution based on iterative kinds of solutions (which due to the non-linear behavior of
radiation applies to both the lterative and Matrix Inversion discussed previously)

 Extrapolation is handled by T, = T, g + ©(T o~ Toq) Where o is the extrapolation

new new 'o

scale factor. ITERXT and EXTLIM control constants define w.

» ITERXT: ITERations before eXTrapolations (Default=3)
* 0: 0 = EXTLIM
« 1:0=2/(1+(1-p)"?)where p = Maximum ( |T,o — Toigl / | Trew — Toigl from previous iteration)
« 220=2/(1+(1-p?)"?)where p = Maximum (| T, ew — Toil / | Trew — Toial from previous iteration)
 3:Aitken’s Del Squared Method is used: T' = ( T'T-2—(T-1)2) / (T' + T2 - 2T"1) which requires at least 3
iterations to have been solved and i represents the current iteration. NOTE, this approach is only
applied if the 3 iterations are monotonically increasing or decreasing

« EXTLIM: EXTrapolation LIMit (Default=0.5)
* Ignored if ITERXT =1 or 2
« If <1: Damping factor -- helps force convergence if oscillating (under relaxation)
 If >1: Acceleration factor -- helps accelerate solution, but may result in oscillations (over relaxation)

« SINDA will often detect oscillations during steady state solutions and apply heavy
damping at a submodel level (ITERXT = 0, EXTLIM=0.5) to try to dampen out

oscillations and reach convergence
» Less often needed in TRANSIENT, where mCp terms act as damping factor to sudden changes
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Selecting a Timestep

» SINDA defaults to automatic timestep selection (DTIMEI=0). A term called CSGMIN
(Capacitance Divided by Sum of Conductors) is useful to see where conditions might
exist that may cause the timesteps to be smaller than a user might like. Note that

the units for CSG are units of time (W/K / (J/K) = s):

Small Capacitance — small CSG. If capacitance is very small, make node arithmetic.
Large Conductance — small CSG. If conductance is too large, consider merging into
a single node and eliminating large conductance.

NEVER use a large conductance (e.q. 500 W/K) to make two nodes go to the same
temperature. This can lead to humerical instability in the solution.

Also, be careful of very small thicknesses in Thermal Desktop that may lead to a high
conductance (e.g. modeling the actual thickness of the adhesive for a heater mat contactor
to the mounting substrate)

To troubleshoot small timestep with DTIMEI=0, search for “THIS SUBMODEL CONTAINS
TIME STEP LIMITING NODE:” in the .out file. This will highlight the particular node and
submodel that is driving the timestep. May not be the same throughout the solution...

« DTIMEL/DTIMEH can be used to prevent timesteps from going too small or large

If calculated timestep > DTIMEH, then it is set to DTIMEH
If calculated timestep < DTIMEL, then the run terminates with an error message
More often than not, the calculated timestep is smaller that what a user would like...
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Selecting a Timestep

« A user may also set DTIMEI to an explicit value to force a particular timestep
« AUTHOR'’s OPINION:: Although the software vendor cautions against doing this, my
experience has been that with larger models assembled from a variety of
organizations and model developers, a reasonable timestep to achieve results in a
timely manner is acceptable rather than waiting for the optimum timestep to be
determined by the code
* Unless great care is taken throughout the entire model to ensure capacitances are not too
small and conductors are not too large, the solution may suffer from small timesteps due to
one localized area. Finding and fixing this may take more work than is desired...
» A sample Low Earth Orbit model explored the difference between a user selected
timestep of 30 s and automatic timestep calculation
* 49.7 s to run with DTIMEI=30; 554.3 s with DTIMEI=0 (Factor of 10x slower...)
« All Orbit Average nodal temperatures were within 1°C over all nodes

« Some MLI nodes did show considerable differences in temperatures at particular timesteps.
This is most likely due to the TIMEM variable (TIMEN + TIMEO)/2, which is
used for interpolation of the environmental fluxes. -

« Taking an example as shown to the right, the purple line represents the env dz“
flux. With the same TIMEN (solid dot), but different timesteps, the TIMEO |

| o-2s-@

(open dot) is different as is the TIMEM used for interpolation. So, based o—— 305 ——e

on the timestep, a different Qenv would be used for the same TIMEN... Time
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Troubleshooting a Slow Running Model

 To troubleshoot a slow running model, there are basically three areas to address:
* Model is taking too long for each iteration
* Model is taking too many iterations for steady-state or at each timestep
* Model is taking too small a timestep to finish in a timely manner

« Too Long per lteration...
« Usual Cause: too many conductors. Can the number of Radks be reduced without significantly
impacting the accuracy? Solution time tends to be linear with number of conductors...
» Use of SPARSEG might help. This tries to ignore the smaller terms. For a SPARSEG of 0.001, any
conductors that are less than 0.001*Sum Conductors for a given node are temporarily set to zero for the
solution to “sparsify” the matrix, making it less computationally demanding to invert

* Too Many lIterations...

« Usual Cause: convergence criteria may be too tight, perturbations in steady state (e.g. heaters)

» Determine which submodels are needing more loops to converge. A/DRLXCC (calculated value for
comparison to A/DRLXCA).

« NDRLXC and NDRLXN list node and submodel ID for node used for DRLXCC

« NARLXC and NARLXN list node and submodel ID for node used for ARLXCC

« Hint: CONV_TRACE code in Advanced SINDA Section allows this data to be output at the request of a
user. Often useful to output every N iterations (maybe 25) to show what has not converged and where

* Too Small a Timestep...

« Usual Cause: Automatic timestep calculation (DTIMEI=0) used and presence of very small
capacitance or very large conductors
» Secondary Cause: too small a value for AADTMPCA and instantaneous large flux change
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OpenTD API

* With the release of Thermal Desktop 6.0, an application programming
interface was also included

* Since then, each subsequent release has allowed greater access to
model data

* The APl allows users to develop computer programs that can access and
manipulate data and objects in a Thermal Desktop model

* As a general rule, there are three types of applications that could be
developed:
* Manipulate, create, or remove model objects
» Extract data from a model
» Alter the model execution process
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OpenTD API Application Examples

* Add user logic between generation of inp/cc files and SINDA execution
* Display objects or node numbers based on a user input list of nodes
* List object counts to file

e List all submodel to submodel connections (Conductors/Contactors)
e List Symbol values (or over ride CaseSet values)

* Extract and Display optical and material properties

» User manipulation of Radk output (user defined output criteria)

* Merge selected Tri elements into Quad

* Model conversion to other formats

 Post processing utilities

 Saved Views and export of images for reports/documentation

* Domain Tag Set Importer
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Getting Started

e To take advantage of the API, the Dynamic Linked Libraries need to be added as
a reference to a .NET project

» C:\Windows\Microsoft. NET\assembly\GAC 64\...\OpenTDvXX.Results.dll
* C:\Windows\Microsoft. NET\assembly\GAC_MSIL\...\OpenTDvXX.dll

e Create a TD object (VB language):
Dim TD As New OpenTDv63.Thermal Desktop
TD.Connect (“C:\MyDrawing.dwg”)

* The above lines connect to an open instance of AutoCAD with MyDrawing.dwg
or opens a new instance with the file. From there, a user is free to query or
modify the drawing based on their needs

* There are methods of the Thermal Desktop class to get single objects (based on
their handle or name) or all objects of a specified type as a List(Of ...) object
Dim AllCaseSets as List (Of OpenTDv63.CaseSet)
AllCaseSets = TD.GetCaseSets

 Limited documentation for the API at this time. Vendor does provide Getting
Started Guides for 6.1, 6.2, and 6.3. Also, some ICES papers exist on the topic
and Vendor includes forums on the API
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A bit about the internal hierarchy...

* AutoCAD Handles (the 4 or 6 character hex codes unique to each object) are a key
to working with the relationships between TD objects
* There are various lists of handles to work with. Which of these apply depends on

the object type (In [] ) and lists the handles of associated objects:
» AttachedConicHandles [Nodes] -> Surfaces, FDSolids, Measures
* AttachedObjectHandles [Nodes] -> Conductors, FE, HeatLoad, Contactor, Heater
» AttachedNodeHandles [Surfaces, FDSolids, FE] -> Nodes
» AttachedHeatlLoads [Surfaces, FDSolids, FE] -> HeatLoads
» AttachedConductor [Surfaces, FDSolids, FE] -> Conductors
* From and To [Contactors,Conductors] -> Nodes, Surfaces, FDSolids, FE
* ApplyConnections [Heaters, Heatloads] -> Nodes, Surfaces, FDSolids, FE

* The GetEntityTypes method allows a list of Handles to be processed to determine
the object type for each handle

* Note: INS nodes are not objects that can be directly retrieved. To determine these,
all surfaces need to be polled to see if they create INS and what the properties are

* Some objects may also allow Domain Tag Sets. If these are encountered, they need
to be dereferenced into their constituent objects, which can be retrieved through
the DomainManager
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 Framework Function ____________________fpupose
Process SINDA .inp file and add logic to .htr file to output Heater and Dissipation output logic for every timestep
Process SINDA .out file and retrieve output generated from GenerateHeaterDissipationLogic and import into Excel
ProcessHeaterDissipationResults template workbook

GenerateDampedPropHeatersinSSForPIDs Process SINDA .inp file and add logic to .pid file to apply Predictor/Corrector approach for all PID controllers
GenerateHtrDisSummaryCompare Generate Compare_Summary sheet highlighting the differences between two HtrDis postprocessing files
Write2DArrayToCSVFile Convert 2D array to comma-separated value output file (can include Header row and Output Mask)
ImportFilelntoExcel Import specified text file into specified Excel location, parsing on delimiter

Extract lines beginning with TagID from OutFile and import into specified Excel location, parsing on specified
ExtractTaggedLinesAndimportintoExcel delimiter

Return data structure with deterministic global visibility state for each TD object type (e.g. TD/RC nodes, Surfaces,
GetTDGlobalVisibilityStates HeatLoads, etc)

TurnNodelDsOnForSelectedNodes Evaluate user provided node list and turn node number visibility on in GUI

GetTDObjectCounts Retrieve counts for each TD object type for each submodel

GetTDReferencedProperties Retrieve list of Material and Optical properties used by each submodel
GetTDObjectCountsAndReferencedProperties Retrieve counts for each TD object type and lists of Material and Optical properties for each submodel
GetAlIReferencedRCOFiles Make list of all Optical files that were referenced throughout all CaseSets

GetAllReferencedTDPFiles Make list of all Material files that were referenced throughout all CaseSets

RemoveRadk1FromRadk2 Outputs file with all the Radks that appear only in Radk File 2

Outputs file with inputs and logic to represent all the Radks in Radk2 but not in Radk1 as Backloads along with
ReplaceRadk2MinusRadk1WithBackloads radiation to sink

ReplaceRadk2MinusRadk1WithHeatFlowslJ Outputs file with inputs and logic to represent all the Radks in Radk2 but not in Radk1 as a Heat Flow
EvaluateSymbolsinDWGFile Generates temporary case set, outputs CC file and processes this for evaluated symbol values

Generates temporary case set spawned from user specified case, outputs CC file and processes this for evaluated
EvaluateSymbolsForSpecifiedCaseSet symbol values

ExtractSymbolEvaluatedValuesFromCCFile Process CC file header and retrieves symbol names and evaluated values

GetTDOptProps Read TD object and extract optical properties and store in GMM_OpticalProperties collection

GetTDThermoProps Read TD object and extract thermophysical properties and store in GMM_ThermophiysicalProperties collection
Extract Material/Optical property data and generate Tables in Excel workbook along with temperature dependent
WritePropsToXL material property plots

GetTDNotes Read TD object and extract Notes data and Splice together all Tabs into single output text file

GetTDRunDirectory Return path to either DWG file if No CaseSet specified with UserDirectory, or to UserDirectory
RunSpecifiedCaseSet Execute case set in its own directory with options to add heater dissipation and convergence trace logic

Italics indicates a requirement to use the OpenTD API to connect to Thermal Desktop
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ﬁ Thermal Utilities Plus

Some Applications developed at
GSFC using the API

Thermal Utiliti

Ltiities  Conversion  Integration

Utiities Conversion  Integration

Drawing File |C:\Users\hpeabody\Documemg\Spacecraﬁ\Presematioﬂs\Then'nal Course 2022\Sample_Model3.dwg

Source Drawing File

‘C:\UsersWpeabody\Documents\Spacecraﬂ\Presentations\Therrnal Course 2022\Sample_Model3.dwg

CaseSet |Hot_bBD

~| Fer |

Destination Drawing File ‘Duuble Click to Select Destination File

RunCase  Run Cases

Source Submodels

Radition Task to Fiter |

\,\ Use Existing Files if found...

Submodel/Pattem to Match

Gt BjSum  Kesp As

Submode! Filename

[0.0002 ] | |

Copy OverRides

A [SUBMODELT,PATTERN1 | [0.0001 | [035

| [@BL

v]| I

c| I |

D| I

Add Logic For: Heater/Dissipation Processing PID 55 Controller

Convergence Trace | Make Case || Run Case

Compile |

Optics File |

Themo File |

Input File |Hct7b9ﬂ.mp

| |7Inp|.rt Actions—

ConCap File |Hct7b9ﬂ.cc

Output File  [Hot_b30.out

| |4)|.rtpul Actions—

Sav File |Hot_bBD.sav

ExcelFile |

Tag

SheetMame l:l Delimiterl:l Address

Text Fil=

| output Fiter

—Radk Actions— ~

Radk File 2

| ‘ | Export Connectivity

|
|
Radk File 1 |
|
|

Ready

Objects  Opticals Materials

Object Counts

Symbols  CaseSets

Obiject List

Total Nodes:1554
TD/RC Nodes:1525
Diffusion Nodes:0
Arithmetic Nodes:0
Boundary Nodes:69
Clone Nodes:0

INS Nodes:1310
Planar FEs:354
Surfaces:83
Solids:3

Solid FEs:0
Conductors: 18

Heat Loa
Heaters:3
Contactors: 28
Measures:0

Dissipation on Component A (66 W)::2CBC
Power: 66.00

Dissipation on Component B (13 W)::2CE8
Power: 13.00

Dissipation on Component B (13 W)::2CE9
Power: 13.00

Dissipation on Component B (13 W)::2CEA
Power: 13.00

Dissipation for Component C - 3 (22 W)::356D
Power: 22.00

Dissipation for Component C-4 (22 W)--356E
Power: 22.00

Dissipation for Component C-1 (22 W)::356F
Power: 22.00

Dissipation for Component C-2 (22 W)::3570
Power: 22.00

Dissipation of Comp_D (2 W / 3 Loc)::3298
Power: 6.00

Dissipation on Component E (1 W)::2CF0
Fower: 1.00

Dissipation on Component F (8 W)::2CF1
Power: 8.00

Dissipation on Component G (12 W)::2CE7

Ao 1900

<

>

Compare Domain Tag Sets

Check Heater 55 Compare Assemblies

Compare Object Courts
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Good Modeling Practices and
Other Miscellaneous Tips
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Best Practices: DO’s

DO: Use appropriate nodalization: most for thin, low k; fewer for thick, high k paths

DO: Use MLI offset of 100000/200000 (if on both sides) for easy identification of MLI by node number

DO: Use logical ranges of node numbers to identify components within a submodel (e.g. 1000-1999 for motor, 2000-
2999 for shaft, 3000-3999 for mirror, etc)

DO: Verify node numbers are unique (or duplicates are intended)

DO: Fill in comment fields

— Heatload: Location, Dissipation

— Heater: Location, On/Off setpoints, Control Type, Available Power; Also add meaningful Register Append String
— Contactor: From, To, Value

— Conductor: From, To, Value

DO: Ensure nodes are merged. Also, check for free edges

DO: Use a starting number like 1001 to indicate that the node numbers are not defaults (i.e. starting from 1)
DO: Ensure contactors make contact as intended

DO: Verify Active sides for Radiation for all groups

DO: Verify MLI is included where intended

DO: Verify Optical and Material properties are as intended and document source of the data

DO: Check that thicknesses are reasonable — showing wireframe outline preferred method

DO: Check for overlapping surfaces and correct if needed

DO: Ensure symbol names are logical, organized, and easily interpreted

DO: Use “Output Expression” wherever possible rather than resultant value

DO: Provide meaningful names for Radk, HR, and SINDA files in CaseSets. Avoid accepting defaults

DO: Assign a NoRad property (a=e=1) for all inactive sides. Don’t accept DEFAULT property

DO: Purge unused Symbols, Properties, Radiation Groups, Submodels, Layers, Domain Tag Sets, etc
DO: Use Notes tabs to document model status and configuration

DO: Ensure the radks to space are included or excluded as applicable in Radk output (e.g. internal Radks)
DO: Perform conductivity check with 1 linear boundary condition and no radiation to ensure connectivity
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Best Practices: DON’Ts

DON'T: Use duplicate descriptions for different objects (each object should be uniquely described)

DON’'T: Couple nodes together with a very high conductance (or very small thickness)

DON'T: Fire more rays than necessary for the accuracy desired. Bear in mind which small radks will not be output
based on Bij Cutoff and Sum values

DON’'T: Have more radks than necessary for accuracy desired

DON'T: Set Oct Cell objects too low or it may spend time going down too many levels without making progress
DON’'T: Have large timesteps if thermal responses are fast (e.g. 30 s timestep for a heat pulse of 5 s)

DON'T: Use two tri-elements where a quad-element would be better

DON’'T: Use automeshing codes, or be sure to exercise control over mesh density to minimize node count

DON'’T: Have very small capacitance nodes where an arithmetic node is a better choice (e.g. MLI)

DON’'T: Use midpoint or fixed duty cycle for heaters in steady state, unless you are sure this will apply over all
analysis cases (Damped Proportional preferred), or use the program feature to change behavior for various CaseSets
DON'T: Use ( X==1)7?0: 1 syntax in output to FORTRAN blocks if outputting as expression

DON’'T: Use the Enable/Disable feature where the same effect can be accomplished using a 1 or 0 flag with
HeatLoads, Heaters, and Conductors. This preserves the state allowing it be changed during a run, where disabling
does not output the logic to SINDA at all. (Keeps same number and order of all objects)

DON'T: Allow zero value heatloads, heaters, etc to be skipped on output to SINDA. If the object is not output as an
expression and the value is zero, it will not go through to SINDA. Better to see a heatload or heater with a zero value
than not. Outputting as an expression avoids this.

DON'’T: Run any analysis for the first-time before you have performed hand calculations or estimates to know what to
expect. If you don’t know what to expect, how can you know if the model is right?

DON’'T: Keep aliases in a model once the material or optical is known

DON’T: Output more timesteps of output than are needed (e.g. last 2 orbits enough, don’t need first 8)

DON'’T: Change object Defaults unless you are sure the fields will be updated, multi-edit feature better method
DON’'T: Rerun Radiation Calculations unless necessary (i.e. be careful running CaseSets in different folders)

DON’'T: Change Headers in a user logic block unless you also reset the Header back to the assigned one at the end
DON'’T: Go overboard with submodels. Too many submodels makes Model Browser navigation unwieldy
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Miscellaneous Tips

For construction of the model, it can sometimes be easier to add construction lines based on the CAD snap
points, then move them a fixed distance away to build the model. This prevents AutoCAD from spending time
searching for snap points over the CAD geometry during model construction. Once complete, move the model
back to overlay the CAD by the same fixed distance

Specification of points does not need to use the object snaps (e.g. end point). To move something 10 units in X,
the from point van be entered as 0,0,0 and the to point as 10,0,0. Alternately, the @ sign preceding a point
makes that point reference the first point. Polar notation can also be used (dist<angle e.g. @1<45)

Planar elements can be extruded to make solid elements. If using solid elements, it is often necessary to shell
coat them with zero thickness planar elements on the free faces. This allows for radiation (note that radiation
properties cannot be applied to solid elements, only planar), contactors, heaters and heatloads to be applied to
faces. The thickness should remain zero, since the solid elements should provide the mCp contributions and not
the shell coat.

For tight heater control, the initial inclination may be to reduce the deadband and control with a proportional
heater. However, in effect this increases the Pgain term in a controller, which may lead to oscillations instead of
better control. May be better to widen the range instead of narrowing it.

For HR tasks, options exist to add Pre and Post logic. This can be an easy way to disable heatrates by placing
and IF statement around the call to assign the heat rates. This has been used to ensure that chained heat rates
calls (in time) do not apply a load for the end of the first set and start of the second set.

If moving objects that are attached to an articulator, care must be exercised. If a node is moved by 1 unit in X and
the articulator is also moved by 1 unit in X in a separate command, then the net effect will be that the node will be
moved by 2 units in X. Selecting both the nodes and articulator in a single move does not produce this behavior.
Alternatively, making the articulator inactive allows it to be moved without impacting the attached objects

A cleanup process has been developed to prepare models for integration (both source model cleanup and
destination model cleanup) as well as the steps to integrate the cleaned models. They are described on the next
two slides...
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Preparing Model for Integration

Turn on all layers and turn visibility on for all objects.
Turn off global visibility for all TD objects and delete all unneeded CAD or construction lines
Turn on Global visibility for all objects again
Delete all TD Geometry not needed for integration at higher level
Remove all user nodes not needed at higher level
Remove all empty Assemblies/Trackers
Remove all empty Material Orienters
Remove any Heat Loads, Contactors, Conductors that reference empty tag sets (area = 0)
Purge all empty Domain Tag Sets
. Make backup copy of tdp and rco files (BOL and EOL)
. Remove any unused Aliases (Materials and Opticals)
. Delete unused material properties
. Delete unused optical properties from both BOL and EOL rco files
. Remove any unneeded LogicObjects
. Export All CaseSets to temporary file and delete from CaseSet Manager
. Purge all unused symbols (search in text) multiple time until none remain (excepting hrZzz)
. Import CaseSets from Step 15 and check for any Symbols referenced but not defined in Model browser. If
found, remove from CaseSet reference or resolve the symbol reference
18. Run TDPurgeBlocks
19. Check for any remaining layers that are not needed (orphaned blocks, empty tdText objects, etc)
20. Might need to delete object by selecting using ‘Filter with specified layer, or select from ModelBrowser
when viewing by Layer

1.
2.
3.
4.
5.
6.
7.
8.
9.
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Integrating Source Model into Destination

W N UL WwWDN

O
W NN R O

14.
15.

Use CLASSICINSERT AutoCAD command to import Source file into destination file (this preserved
Domain Tag Sets)

Import Optical Properties (BOL and EOL files)

Import Material properties

Import Logic Objects

Import Symbols

Import Orbits (if needed)

Check ModelBrowser for any undefined Optical Properties

Check ModelBrowser for any undefined Material Properties

Check ModelBrowser for any Referenced, but undefined symbols

. Check ModelBrowser for any empty Domain Tag sets

. Manually reconcile CaseSet symbol overrides from Source CaseSets with Destination CaseSets

. Verify correct Radiation activity (merge Radiation groups if needed)

. Do a side by side comparison at a submodel level in the Model Browser to see that the same number

of Nodes, User nodes, Insulation Nodes, Surfaces, FDSolids, Solid Fes, Contactors, Conductors, Heat
Loads, Heaters, and Measures are associated with each submodel from the Source Model and the
Integrated model. If differences exist, reconcile the discrepancy.

Make thermal connections between source and destination objects (e.g. contactors, conductors, etc)
Run sample case to ensure functionality
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Miscellaneous Tips

« If a SINDA model crashes with no indication in any out or log files, a method for troubleshooting is to add
Status Points into the model.

— A status point opens a file, writes a unique string to indicate progress, and then immediately closes the file.

— This technique ensures that the buffer gets flushed to the file.

— Add as many Status Points as needed to isolate where in the code the issue is occurring

HEADER OPERATIONS

F OPEN (UNIT=667,FILE="..\DEBUG.TXT’ , STATUS=‘UNKNOWN’ )
WRITE (667,*) ‘GOT TO START OF STDSTL'

CLOSE (UNIT=667)

CALL STDSTL

OPEN (UNIT=667, FILE="..\DEBUG.TXT’ , STATUS=‘UNKNOWN’ )
WRITE (667,*) ‘GOT TO END OF STDSTL'

CLOSE (UNIT=667)

L I L L

HEADER VARIABLES 0, SUB1

F OPEN (UNIT=667, FILE="..\DEBUG.TXT’ , STATUS=‘UNKNOWN' )
F WRITE (667,*) ‘GOT TO START OF SUB1l.VARO’

F CLOSE (UNIT=667)

...SUBL logic...

F OPEN (UNIT=667, FILE="..\DEBUG.TXT’ , STATUS="‘UNKNOWN' )
F WRITE (667,*) ‘GOT TO END OF SUB1.VARO’

F CLOSE (UNIT=667)

HEADER VARIABLES 1, SUB1
If Thermal Desktop is not the end software for delivery (e.g. a model conversion is needed) avoid disabling of
nodes to make holes, MLI overrides and property overrides. Better to make explicit sub-surfaces to make
conversion easier
If mapping thermal results to a structural model (FEM) for thermal distortion analysis, it is best to associate
multiple groups and break both models into smaller subsections to prevent bleedover at interfaces. Use of
Domain Tag Sets for mapping in TD model highly recommended. Also, be cautious if mapping tolerance
needs to be too large just to map all FEM grid points. Might be better to only map within specified tolerance
and allow NASTRAN to “fill in” unmapped grid points.
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Breakout models

Breakout models are a good way to explore design options whose effect is localized to a
portion of the design without the need to run a full detailed model

A key to breakout models is to determine the boundary conditions to be used for evaluation
- Conductive Interface Temperatures can often be extracted from the detailed model
- The radiative environment can often be replicated by backloads or sinks if needed

One common approach to determine the conductance through a complex part with two
interfaces is to utilize a mesher to quickly generate a model, apply a boundary temperature
condition at one interface, and a heat load at the other.

- The effective conductivity can then be estimated from G = Q / DT, where Q is the heat load applied and
DT represents the difference between the average temperature at each interface

This can be extended to multiple interfaces using the SuperNetwork feature in Thermal
Desktop

- Asimilar approach can be utilized by quickly generating a detailed mesh. Then assign all the nodes not
representing an interface as part of the SubNetwork.

- Generation of the CC file will include only the nodes in the SuperNetwork and the effective conductances
between them. These can then be extracted from the CC file and utilized in the detailed model

- Internally, it is setting each SuperNetwork node temperature to 1 while all others are set to zero and
then using super-position to determine the temperature field, heat flows, and conductances
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Optimizing CPU Resources

Most modern PCs now feature processor chips with multiple cores, which allows parallel processing
to be employed by software and algorithms written to take advantage of this

Thermal Desktop radiation calculations are inherently parallelizable, with the ray trace for Surface i

begin completely independent from Surface i+1

threads to take advantage of parallel resources

¢= 1b-1 Licenze e
That said, Thermal Desktop will utilize more RadCad licenses for machines with many cores

-1 Licenze
1 License (<=16 cores), 2 Licenses (<=32 Cores), 3 Licenses (<=64 cores), etc. £= 32 -2 Licenzes

= B4-3Li
On the other hand, SINDA/FLUINT algorithms are not easily broken into multiple L 95 - 4 LEEEEE

£=128 - 5 Licenzes

During Steady State solutions, 2 cores may be used, but Transient solutions currently use a single core

To take full advantage of CPU resources when running many cases, it is advised to run all Radiation
calculations first (which utilizes all available cores) and only generate the SINDA input files

Once all the radiation files have been generated, the SINDA/FLUINT jobs can then be run in parallel

Use of the paths.txt file is strongly suggested

Specifying a file in the same folder as the .inp file named paths.txt and specifying search folders for INSERT files in this
file allows a unique Run Folder to be defined that contains only the .inp and the paths.txt file

Executing the run in this unique folder for each job allows compartmentalization of all the output files per job and
avoids any potential file conflicts associated with running jobs in parallel

The number of jobs that can be submitted in parallel is limited only by the available licenses and memory

Use of SINDAWIN outside of Thermal Desktop to execute multiple jobs allows for better resource utilization and
furthermore does not utilize a license for Thermal Desktop while SINDA is running
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Modeling vs. Analysis

* There is an important difference between Modeling and Analysis

* Modeling is the generation of predicted behavior
— This can be done by the computer

» Analysis is the interpretation of those predictions to infer or

discover design insufficiencies, strengths, and weaknesses.
— This should be done by the Engineer, although tools exist to help with
the interpretation

Good Thermal Analysts do more than generate predictions.
They study the data to understand the design...
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Verify Results

Verify Results refers specifically to the process of confirming that the model and predictions are consistent
with the physics of the design.

Model correlation is a measure of how accurately the model predicts actual measured values under the same
conditions as tested...this happens well after a model is built, much later in a program

Configuring your model with specific user logic and output can help produce critical results without the need to
spend as much effort on post processing, but does require more effort up front

The first thing to check are temperatures. A contour plot is useful for this, as it will highlight any gradients.
Sharp discontinuities in contours are often an indication of a modeling issue...

If the contours look reasonable (what should be cold is cold, what should be hot is hot), the next thing to
compare is the temperatures against design limits. XY plots are good to see the local max and min values
over an orbit, but it is hard to do this for every node of importance. Comparison of the hottest temperature and
coldest temperature of a component (or group of nodes) over the orbit to the design limit is best accomplished
using a spreadsheet and is often represented in a tabular form.

XY plots are also useful to display the nodal stability and compare against any stability requirements

For heaters, it is important to confirm that the heater power is sufficient. No more than 70% of the available
heater power should be used per GSFC GOLD rules. The required amount of power to maintain a component
within limits does not depend on heater size, but duty cycle does...

A variety of external tools exist for post processing. Thermal Desktop offers XY plotting, Contour Plots,
Animated Contour Plots and methods for: querying Max/Mins, writing output text files, and calculating sinks
and heat flows post-solution

Lastly, to really understand a desiqgn, there is no substitute for investigating heat flows. Heat flows
identify areas of a design where better coupling is needed, better isolation is needed, or unexpected
heat inputs or leaks are present. This takes a fair bit of time to set up, but the understanding of a
model/desiqn is far better after having gone through the effort.
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Typical Thermal Analysis Data
Visualizations

Nocle
>6e. 48

62, 48 [+][Custom View][THERMAL_PP]

98 01

53. 33

49. 06

Contour -
Plot ] w01

31. 16

26. 68

e 21

17. 74

<17.74

Temperature [C], Time = 435600 s
.\ClearDeck_PITMS_Runs_Int_ven\2019_12_Surface_Hot_EOL_Mission. sav

——— LEOP:MaxCDH1_BP Gﬂll!{!?ﬂ} Ic.lgilZ‘l E:‘Ch and @XEgengEjgps
Hea te r Power Ni?rioal CB m Nco?:‘)noal —-a—- LEOP:MaxRWA1_Mntg_Brkt ::Eg:x:z\:ﬁ;mmg_sm
Estimates (W) Safehold a0
Ops Ops
N e WP AN /N /N
Batte 53.49 9.16 8.71 o NS NS NSNS
Heater Y T RN
Propulsion 133.88 119.56 81.01 Data vs. » e —— Lt
Power | sapbbs 59.40 61.31 45.56 Time Plot %~ - L S
HGAS 25.52 30.78 26.74 E = f N NSNS
Table o= I N
RF 1.15 0.00 0.00 By TR R : =~
Avionics 94.61 23.73 0.00 TN
Inst IF 10.16 0.00 8.34 N/
RWA 83.91 54.20 25.39 112400 -28800 -25200 -21600 -18000 -14400 -10800 -7200 -3600 0 3600 7200 10800 14400 18000 21600 25200 28800
TOTALS 462.14 298.75 195.75 Time )
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Visualizations

Typical Thermal Analysis Data

Sheet. Nodelnfo CBOO Safehold [ CB90 Normal | HBOO Nomal | 1pq6 sarenoid [ ceoopsc | Heoo arc | HB20 Normal
Ops Ops Ops
Parameter: Sc'glvg g:ru Gg;g Gat? a'l’; S:::* Min Avg|Max Min | Avg | Max| Min | Avg |Max| Min Avg|Max Min | Avg | Max| Min | Avg | Max| Min Avg|Max
Node/Group | | I I ralralrelrelralralralrelrelralralrelrelrealralraTrelrel relre T ror
KaPR
Ka_TR_Unit 30 [ 20 ] - 50 5[ 8 8[31[32]3] 5] 4] 2]-11] 9] 831 ]32]3]34]35]36
Ka_TDA 30 | 20| - 50 3| 32031 33| 3| 21| 6| 4|-3[20]31]|33]32]34a]3e
a u ar a a Ka_TX BPF -30 -20 - 50 -6 26 29 32 - - = - -6 26 29 32 29 32 35
Ka_RDA 30 | 20| 50 3| 3293132 3] 2] | - 3
Ka_RX_BPF 30 | 20| - 50 4 | 42820 |31 1] 1] 0] 8] 2
oy @ Ka_Div/Comb1 30 | 20 | 15 | 50 7 [ 7|26 ] 20|30 3| 1|5 [12] 8 | 1
Ka_DiviComb2 30 | 20 15 | 50 3| 3 282030 3] 2] 1]6]al- 2
l ' Ka_Hyb 30 | 20 | 15 | 50 3| 2]290]30 31| 3] 2]a]%6]=4]- 3
Ka_CPS 30 | 20| - 50 2| -2|28]30 33| 3] 2]a]s5]3]- 33
Ka FCIF 30 | 20| - 50 5| al24a|20|3a| 5] 438 6]
Ka_SCDP_B 30 | 20| - 50 2 | - 30 [31] 3 | - E
Components SRS EIEEIEIEE
Ka_IF_Box -30 -20 - 50 - - 2 28 = -
Ka_Terminator 30 | 30| 25 | 55 1] 10 - 33 ] 35 -
KaPR_Floxures Instr-Side | 30 | 25 | 20 | 40 5| 1|2 22]23]2 )
KaPR_Flexures_SC-Side -30 -25 -20 40 4| -4 3 6 1 22 15 21
KuPR
Ku_TR_Unit 30 | 20 [ - 50 | 55| 60 [ 7 [ 2] 1 [-8] 2] 3 [30]32]3a]33]35
Ku_TDA 30 | 20| - 50 | 55| 60 | 7 [ 2| 2 [ 10| 3| 3 [ 28303236037
Ku_RX_BPF 30 | 20| - 50 | 55 | 60 | 7 [ 3| 2 [-10] 4 | 2 [ 28] 30 36 | 37
Ku_Div/Comb1 30 | 20| - 50 | 55 | 60 |11 3 | 13| -12] 2 | 14| 22 | 28 | 31| 28 | 36
Ku_DivComb2 -30 -20 = 50 55 60 = - 11 -11 = 13 25 28 4 37
Ku_Hyb 30 | 20| 50 | 55| 60 | 8 3] 2 [ 11| 6] 0 |26 20 7 [ a0
Ku_CPS| 30 | 20| - 50 | 55 | 60 | 8 [ 3| 2 [-10] 2 | 5 [ 28] 30 4 | 36
Ku_FCIF 30 | 20| 15 | 50 | 55 | 60 | -8 | -3 | 3 |10 -2 | 6 | 27| 20 3 | 34
Ku PS SW 30 | 20| 15 | 50 | 55 | 60 | 7 [ 3] 1 | 10] 5[ 0 | 2031323730
Ku_IF_Box 30 | 20| 15 | 50 | 55 | 60 | 10| -7 | 6 | 12| -9 | 5 | 30 | 31 [ 32 | 20 | 30
Ku_Terminator 30 | 30| 25 | 55 | 60 | 60 | 12| -5 | -1 | 12| -7 | -3 | 24 | 30 | 33| 27 | 32
KuPR Flexures InstrSide | 30 | 25| 20 | 40 | 45 | 50 [ 10| 1| 5 [ 18] 5 [ 1 [ o [18] 22| 16| 23
KuPR_Flexures SC-Side | 30 | 25| 20 | 40 | 45 | 50 2 | 4] 2] 13 [21[22]2a]11]13
Gl
ICA 20 [ 5] 15 | a8 [ 53] 75 [10]20] 32 10] 1930 2537 47| 1728
SMA 35 45 | 50 | 55 | 4 [ 8 [ 18] 5 [10] 23] 7 [14]22] 6 [ 13
EPC 35 | - 5 55 | 60 | 85 | 13| -13| 13| 26 | 26 | 26 | 38 | 30 10 -10
EDC -35 = = 45 50 85 -13] -13] -13 7 7 7 17 7 e ]
RF_Boxes 35 | - E 20 | 45| 85 |16[ 9| 2| -1 [ 7 [1a] o [ 18 2] 3
HF Mixer 40 | - 50 | 55 | 90 | 4 [ 2| 1|31 13| 16 3|3
Hot Load 0 | 33 52 | 57 0| o[ 8| 8| 222 0 6|5
Reflector ~100 | -100 95 | 100 | 150 | 40] 32 | 83| -8 | 0 = 98 [115
Cold Sky Reflector ~100 | -100 127 | 132 | 132 | 34 | 20| 23| 41| 41| 41| -21 | 10| 1 | -31] 28
-140 | -140 110 15 5 = 15 53 25 28 32| -4 31 22 59
RDA LR 80 | 80 145 | 150 | 150 | 3a| 0 [ 35| 63| 22| 5 | 29[ 10| 11| 17| 24
RDA LR Struts. 70 | 70 65 | 70 | 80 | 18] 14| 5 |41 21] 2 [12] 9| 6| 2] 2
IBS LR 60 | -60 115 [ 120 | 120 | 19| 8 | 18 | 24| -8 [ 16 | 1] 2 [ 34 |16 1
Cal Am LR 100 | 80| 75 | 145 | 150 | 180 | 31] 12 7 [ 13|43 a7 11| 51 4] 4

(BATY1)[15.0,17.0]
(BATY2) [15.0,17.0]
(BATY3) [15.0,17.1]

(BAT_BP) [15.0,19.8]
(BME) [11.2,29.3]
(PSE) [-11.6,29.3]

(IRU1) [-15.1,23.3]
(IRU2) [11.2,27.2]
(ST1) [-43.3,35.7]
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(SIU1) [-8.2,20.8]
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Graphical
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Heat Flow

Table
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(SAMHP) [-1.4,20.7]
(DECKHP) [-15.3,25.3]
(BAT_RAD) [175.7,16.8]

Location

(BME_RAD) [-1.8,19.6]
(PSE_RAD) [-11.9,20.2]
(PSE_RAD2) [-20.4,27.2)
(DECK_RAD) [-27.5,29.0]
(SAMMX) [-14.2,18.3]
(SAMMY) [1.2,31.7)
(SAMMZ) [-11.7,24.9]
(SAMPX) [-1.5,20.8]
(SAMPY) [-28.6,13.9]
(DECK) [18.5,26.9]

Diagrams
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Equivalent Sink Temperature

* Equivalent Sink Temperatures are a useful byproduct derived from thermal analysis
e For any surface on a spacecraft, there is a single temperature that represents the external scene
* This technique is generally applied to major thermal surfaces, such as radiators
* MLI, apertures, etc., which are not major design heat rejection paths, would not need this
* The sink temperature is a very useful value for sizing calculations in spreadsheet based or systems tools
* This is essentially how Thermal determines cryo-panel or heater panel temperatures for testing

T . — ; ~
1 Radk is a Radiation Coupling Radk, sink
N T, between two surfaces defined as
*‘g‘ Po— =Y i
Q’E 0 Radk; = Ai&B;
¢ T3 Tsun’ Tsmk
Rad‘KS'S
I
Tourr TSPHCB I .
14
Qpranet JZ Radk T, +Q,,
T8 =
Qﬂl‘bedo i.Sink LN
O'Z Radlk.
QSo-‘ar E

1.N
Radk, g, = Z Radi,
;
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Post-Processing Steps

Determine the Data Products to produce
— Temperature vs Limit Tables
— Heater Power Tables
— Temperature/Heat vs. Time XY Plots
— Contour Plots
— Heat Flow Diagrams
— Backloads or Equivalent Sink Temperatures

Determine what data needed is from input and output files:

— Temperatures (almost always)

— Nodal Heat (often)

— Conductors (sometimes)

— Capacitances (sometimes)

— Registers (For Heater Processing, although Nodal Heat may be sufficient)

— Environmental Loads

— Radiation Couplings (particularly to Space)

*  CYGWIN or Text Editor with robust search capability can make this easier

Determine which locations (nodes) are needed

— This is where node ranges and specific numbering can really help

— Can MLI nodes be ignored?

— Consider if groups of nodes may be averaged to get bulk effects

« Determine what hand calcs can help verify data validity
— Radiator Heat Flow to Space
— Radiator View Factor Computations/Radk Sums
— Heat flows across critical interfaces (major paths, isolating paths)
— Opverall system energy balance
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GSFC Developed Post-Processing
Application

» Recent developments at GSFC use the OpenTD API to process the CondCap file and identify all the
HeatlLoads, Heaters, and PID Controllers in the model. The associated logic is processed to create an
include file prior to execution that outputs relevant information to the output file for each of these objects
After model execution, the data is extracted from the output file and imported into a custom Microsoft Excel®
template file for further evaluation
This Workbook contains a Summary page with Temperatures, Heat, Duty Cycles, etc for all the HeatLoads,
Heaters and PID controllers as well as basic plotting capabilities g

Utities  Conversion ~ Integration
Starting Timestep QELI Fowlndes 303 Drawing File [Double Click in any of the Text Boxes below to Select Files | [~Drawing Actions— -
CassSet | v Fiter | | [Caseset Actions— ~]
RunCase Run Cases
f &?}/ j/ j/ j y’/ Radtion Task to Fiter | | E2) Use Busting Fies ffound.
Heater Submodel/Pattemto Match  BCutoff  BfSum  KeepAs  Submodel Fiename.
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6:Elewation Act Exnt He ster 23815 24516 24673 247.07 247.3¢ 055 0.00 0.00 000 000  00%  BUS:Op_Hr Y I | N | \ Il ]
T:El Actuatar (¥-asis] He ater 23815 24516 24673 24707 2473 055 000 0,00 000 800 00%  BUS:Op_Hr 24 Logio For. 2] Heater/Dissipation Processing 2] FID 55 Cortler . Corvergence Tace: | Wako Cosa | R Coss
B:Az Actuator (%-anis] Heater 23805 20515 22943 22956 22963 026 900 3.00 900 9.00 100.03% BUS:Op_Hr ot | ‘
3R Hinge Hir 23805 20575 26326 26327 26327 000 000 0.00 000 1275 0.0%  BUS:Op_Hr "
i T ~en ~00 | 9.00 100.0% BUS:Op_Hr OptisFie | ]
PID Controller Performance (Solid: Sensor, Dashed: Control) .00 900 00 BUS:Op_Hr Theme Fie |
—143:AMS_htr_PQ_2 —144:AMS_htr_PQ_3 —145:AMS_htr_PQ 4 — .00 0.00 0.0 BUS:Op_Hrr putFie [
222,14 06 .00 E230 00  BUS:Sum_He ’
000 10000 83%  BUS:Op_Hr ConCep Fie |
Output File [ D:¥hpeabody\WFIRST\PostCDR \PostCDR-Runs_v32_TV2\RST_Obs_0002_NS\RST_Obs_0002_NS out
22212 | savfle |
0.5
EwcelFle |
2221 & B E a] E F B
@ 0.4 1 Dbservatory 1498618 6940.51 7579.86
2 22208 —
2 2
5 £
<
= 222.06 03 O
g o
= =] 2 Component F
& oo oo 3 SYSTEM 1851.85 1375 38 2003 25
2 : 4 Eattery u] 28713 28763 28815 EUS:Dis
g 222.02 5 COHA 530135 B3 0135 53 0135 2814 2814 25142 ELIS: Dis
o o g COHEB 12,1505 12.1505 121505 27123 2713 2713 EUS:Dis
a 222 : 7 Dlipleter 114 114 114 26414 26423 264.43 ELIS: Dis
a Firlavar = BF Suirek & nag nAas nag PFd Rd PRd 81 R4 97 Rl 1S Mic
221.98 0
0 3600 7200 10800 14400 18000 21600 25200
Time
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Post-Processing the Sample Problem

The predictions from the sample problem need to be compared to their
given limits to see if the design meets requirements
This is often easiest to do in a spreadsheet, like Microsoft Excel

First, each of the user .tbl files needs to be imported onto its own sheet

* The easiest way to do this is to open each all the .tbl files in a text editor that
supports multiple files

* Create a worksheet for each case, and copy the text from the file onto the
worksheet

* Use the Text to Columns feature under Data in Excel to parse based on Space and
Treat Consecutive Delimiters as One

Next, select all the sheets and perform the following actions:

* Delete Column A (which should be blank)

* Cell Al text: “Min”, Cell A2 text: “Max”

* In Cell B1 formula: “=MIN(B6:B100)”. Fill Right through Column AB

* In Cell B2 formula: “=MAX(B6:B100)”. Fill Right through Column AB

Now create a new Worksheet with the component listing and limits

* Row 1 after limits: HOO, H15, H30...H90, C00, C15...C90,500,515,...@S0

* Row 2 after limits: Max of any H case, Min for any C/S cases

* Row 3 after limits: =INDIRECT(""" & FS1 & "'IR" & IF(F$2="Min",1,2) &"C" &
MATCH(SA3,INDIRECT("" & F$1 & "'IR4C1:R4C100",FALSE),0),FALSE)

Add two more column to the right of the columns for each case

e Row 2, 1st Col: “Max”, Row 2, 2" Col: “Min”

* Row 3, 15t Col: “=max(E3:L3)”, Fill Down, Row 4, 15t Col: “=min(m3:Z3)”, Fill Down

B1

B2

B3
Cmin
Cmax

(°C)
-20
-20
-20
-20
-20
-20
-44
-44
-44
-20
-20
-20

-20
-20
-20
-20
-20

N N NN DNNMNDNNDN

(°C)
-10
-10
-10
-10
-10
-10
-34
-34
-34
-10
-10
-10
10
10
-10
-10
-10
-10
-10

(2 IO RO, R O, RO, N0 O, BN, |

(°C)
40
40
40
40
40
40
71
71
71
40
40
40
30
30
40
40
40
40
40
25
25
25
25
25
25
25
25

(°C)
50
50
50
50
50
50
81
81
81
50
50
50
40
40
50
50
50
50
50
30
30
30
30
30
30
30
30
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Evaluating the Predictions

* What do those Excel functions do? Component Survlow Oplow OpHigh  SurvHigh

* INDIRECT Excel function: return Excel object for (°C) (°C) (°C) (°C) Min  Max

evaluated string (e.g. “A1” would return the value in A -20 -10 40 50

cell A1, “A1:B30” would return the range A1:B30 E; :;g :18 38 28

* MATCH returns index in Search range where Search B3 20 -10 40 50

Text is found Cmin -20 -10 40 50

* Now, with model data, the “Thermal Analysis” Cmax -20 -10 40 50

portion can begin. Up to now, the effort could more [D); :ji :gj ;1 21

correctly be described as “Thermal Modeling”. But D3 44 34 71 81

the “Analysis” portion is where the engineer is E -20 -10 40 50

needed to interpret the data and make decision ; -20 -10 40 >0

. - . . . G -20 -10 40 50

about design acceptability or if possible design Hmin 0 10 30 40

modifications are needed. Hmax 0 10 30 40

* Component_N looks badly outside of limits, with ' -20 -10 40 50

- . J -20 -10 40 50

max and min temperatures well beyond the limits. ¢ 50 e p =

Recall that this was a thin walled, low conductivity L 20 10 40 50

component with heaters. It is likely that the heater M -20 -10 40 50

design needed to be revisited. N1min 2 > 25 30

) N1Max 2 5 25 30

* Numerous components are near or slightly below N2Min 5 5 55 30

their operational limit. As most of these are N2Max 2 5 25 30

mounted to Deck_1, it suggests an operational N3Min 2 5 25 30

N3Max 2 5 25 30

heater may be .needed o . o NAMin 2 = e =

* Component_Cis also predicting higher than the limit NAMax 2 5 25 30
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Post-Processing the Sample Problem (Alt)

Alternately, the sav files from Thermal Desktop could be polled

to gather similar information. Adding a Post Processing-Find
Results Max Min task could be used to gather the Min and
Max data for a table (Note Temperatures/Registers Only).

This creates 7 files in a Min_Max folder

* RegisterMinMax and RegisterMinMaxPerSave

* SubmodelldMinMax and SubmodelldMinMaxPerSave (Nodes)
* SubmodellintegratedMinMaxPerSave (Average of Submodel)

* SubmodelMinMax and SubmodelMinMaxPerSave (Submodel)

In this case, the data in the SubmodellDMinMax file is what
should be imported. Going through a similar exercise as
before to populate the table yields some slight discrepancies

Mame:

Sam

Save Files

Add Results

e Pos

D1,
D3
rage

Component  Min TD Min Max TD Max ~ Component Min TDMin Max TDMax Recall
A 6.0 -6.0 21.0 21.0 I -15.2  -152 100 10.0 D2
Bl -13.4 -13.4 117 117 J -121 -121 152 152 » ang
B2 =12.9|-12.9 122\ 112.2 K -19.1  -19.1 209 209 areavel
B3 -10.2 -10.2 155 155 L -16.1  -16.1 207  20.7 temp
Cmin -36 -3.6 250 250 M -16.1  -16.1 100 10.0
Cmax 17.7 17.7 489 489 N1min -8.8 -8.8 2 9
D1 -11.6 -11.7 30.2 30.2 N1Max 9.0 8.2 48.0 51.1
D2 -8.0 = 3.9 N2Min -8.8 -8.8 233 236
D3 142 -44 136 -3.3 N2Max 9.1 8.7 429  46.8
E -14.9 -149 112 112 N3Min -8.8 -8.7 233
F -12.4 -12.4 16.7 16.7 N3Max 8.9 8.5 420 461
G 9.4 94 167 167 N4Min -8.8
Hmin 84 7.7 158 158 N4Max 9.1
Hmax 16.7 16.2 257 257

Cold_bi00,sav
Cold_b15.sav
Cold_b30.sav
Cold_b45.sav
Cold_be0,sav
Cold_h75.5av
Cold_b90,sav
Hot_b00.sav
Hot_b15.sav
Hot_b30.sav
Hot_b45.sav
Hot_b&0.sav
Hot_b75.sav
Hot_b30.sav
Surv_b00,sav
Surv_b15.sav
oEury_b30.sav
Surv_b45.sav
Surv_b&0,sav
Surv_h75.sav
Surv_ba0,sav

These differences are
attributable to a Min being
229  found in a Hot case or a Max
being found in a Cold or

-8.6 3
8.5 Survival Case using Thermal

Desktop’s Post Processing

MNodes - Temperatures

() Al Nodes

@ User Input

() Mo
Registe
® Al
COus

() Moy

Lumps

® Al
O Us

ONO

Wildcard

COMP_A. 1001 A
COMP_B. 1001
COMP_B. 1002
COMP_B. 1003
Comp ¢ MOUNT >~ Y]

COMP_A.1001
COMP_B.1001
COMP_B.1002
COMP_B.1003
COMP_C_MOUNT.*
COMP_D.{1000-1999}
COMP_D.{2000-2999}
COMP_D.{3000-3999}
COMP_E.1001
COMP_F.1001
COMP_G.1001
COMP_H.{1000-1999)
COMP_1.1001
COMP_J.1001
COMP_K.1001
COMP_L.1001
COMP_M.1001
COMP_N.{1000-1999}
COMP_N.{2000-2999}
COMP_N.{3000-3999}
COMP_N.{4000-4999}
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Checking the Predicts

* As a sanity check of the predicts, an investigation of the heat flows is advisable. From the predicts, it appears that a
Hot b75 produces many of the hottest predicts. Rerun this case if needed and ensure that the output is set to All for
the save file. This allows the heat flows to be computed by Thermal Desktop

* Heat flows can be done through Post Processing-QFLOW From Results, but sometimes it is easier to use the Model
Browser-Options-Heat Flow Between Submodels option. In this case, specify Into Submodel as DECK_1 and From
Submodel as (GLOBAL)

* Recall that Comp A, B (x3),E, F, G, I, J, K, L, and M were all mounted to DECK_1. Summing up their orbit average
power and accounting for the power scale factor yields 243 W. Including 114 W from Comp C produces 357 W total

* Considering heat gained or lost beat Flow Into DECK 1 from:

through the MLI as negligible, the 357 Submodel Total Sum/Count Linear/Count Radiative/Count
. . COMP_B 50.7000 / 21 50.7000 / 21 0. / 0
rejected to space suggesting a COMP_D 1.5703 / 1123 0. /0 1.5703  / 1123
reasonable solution (within 6%) COMP_E 1.3000 / 11 1.3000 / 11 0. / 0
. . . COMP_F 10.4000  / 5 10.4000 / 5 0. / 0
Another sanity check is to sum .all the CoMP G 15 6000/ 5 15.8000 / 9 o / 0
radks between DECK_1 non mli nodes COMP_H -8.1988  / 1427 0. / 0 -8.1988  / 1427
and space. This effort produced about oM. - 5888 j 2; - §888 j 2; 8 : j 8
. : MP J . i )

1560 in’>. Comparing to 0.89*{r (28.5)? comp K 75833 / 5 7.5833 / 5 0. / 0
—(21.7x11.8)} yields an effective view COMP_T, 16.4667  / 6 16.4667 / 6 0. / 0
o . COMP_M 2.6000 / 10 2.6000 / 10 0. / 0
fact.orofabout 76% for the radiator. DECK 1 1.568e-14/ 2974  4.843e-15/768 -1.604e-16/ 2206
* Taking an average temperature of DECK 2 33.3669 /18704 0. / 0 33.3669 /18704
about 11 CfOf'DECK 1, 3.66E-11 * 1560 ESPA 29.2116 / 5904 22.6403 / 40 6.5712 / 5864
- INST 3 ~0.0006149/ 6 0. / 0 -0.0006149/ 6

* —
{ (11+273)"4 — (4)"4} produces 371 W 151 srackets 0.2046 / 264 0 / 0 0.2046 / 264
radiated to space. (Good Agreement) SPACE -378.1775 / 207 0. / 0 -378.1775 / 207

Heat Flow numbers are positive flowing into DECK 1

* Hand calcs and first principles hold !! —
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[+][Custom View][THERMAL_PF]

—— COMP_N.1015

* Displaying a contour plot of Component N1

565 shows large gradients throughout, with
20,99 high temperatures near the heaters and
2. 36 low temperatures at the deck interface
o173 * An XY plot shows the high temperatures
over time as the heater is on, while the
7 cold spots remain nearly the same.
064 * This strongly suggests that the Top and
e Bottom heater approach will not work and
koe 2@ aHe . .
R P —=es] a Top, Middle, Bottom approach is needed
B ____ | * Acontour plot of Deck 1 also shows the
R = coldest spot, which would be the ideal
R = location for an operational heater sensing
el G || point

—— COMP_N.1016

—— COMP_N.1018
—— COMP_N.1020

—— COMP_N.1023
- —— COMP_N.1024
—— COMP_N.1025
—— COMP_N.1026
—— COMP_N.1027

—— COMP_N.1028
20,000 —— COMP_N.1029
—— COMP_N.1030

N cenEtl | o Make the necessary updates to the
N o Component N heaters
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Analyzing the Sample Desigh — Comp C

-15. 81

-17.2¢6

-18. 71

<-20. 15
Temperature

44444

MAL_PR
e

>-5. 689

-5. 689

=7.136

-8. 582

03

[C], Time =

s, Steady State, Loopct=28/1000

0 s, Steady Stote, Loopct=138/1000

Substrate

Displaying a contour plot of Deck_1 for the Surv_b90 case
shows the coldest spot on the deck and the influence on the
mounted components

Adding a heater near the cold spot (75 W, -2/5 C) should help
Investigating Component_C for the Hot_B75 case shows the
hot spot near the top of the pyramid. With heat driven
towards the base and a uniform distribution of heat around
the circular openings, a hot spot near the top is not surprising
But it neglects the baseplate conduction effects of the actual
components and that impact on the mount. The choice to
model only the mount was perhaps not optimum. Add a disc
(7.5” Rad) to represent each instance of Component C (1001-
1004), include a contactor to the mount (Edge type, Per length,

b, 0.4 W/in C), and transfer the heat load to the new surfaces.

* Don’t forget to include radiation (Black Anodize)
and assume 0.1” thick aluminum

* Also update the custom
output logic and
PostProcessing task to
output COMP_C instead
of COMP_C_MOUNT
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Post-Updates
(Checking Against Requirements)

* A 75 W heater (-2 to 5 C) was added to the Deck 1 for the avionics that were too cold

* 10 W heaters were added to the mid band of Component N and the Top and Bottom were reduced to 3 W. 10
mils (0.01”) of aluminum tape was also added to component N, since the thin walled titanium resulted in
numerous hot spots. The four discrete mounting points for Component N to Deck 3 also created gradients, so
the U Scaling was removed to represent better contact around the entire circumference

* Component C was modeled with actual component representations instead of just the mount

 All 21 cases were rerun and the Excel post processing was expanded | 3¢ Nerero Fadaten Condfcs |
to consider the possibility of minimum temperatures occurring in e N
Hot Cases and maximum temperatures occurring in Cold/Survival o smesst (L0721 5400033+ L0442A5T BB 001}/ D 0721 S4T0033

* A check of Heater Power usage was also performed using the Post e
Processing-Analyze Heaters From Results option. Using the Options
button for Heater Processing, the Setpoints, Heater Size, and Max
Average Power were output

Material

Comment:

Add capacitance for 10 mil of 21 T ape
Dens/Cp for T 00721 /540, =0.033
Ders/Cp for Al 0.0442451 / 396, t = 0.07]

* As a result of the high duty cycles Expression : :
. Copy. Mutiplers: [0.1905°0.033 + 0.010 ~ 4.2418) / [0.1905+0.033)
(>70%) for Comp N, the heater size was -
increased from 10 W to 15 W o
* Furthermore, with the added aluminum Vo (]
Comment:
tape effect, the top and bottom heater Ak 10 mis of Al Dvetpe o help spread e ou
on Comp N never came on and so they

kAL 42418, 1 =001

Post Analyze Heaters Output Options

were removed from the model.

Display Name: Heater-Comment[Submodel]::Handle v

* With the update to the Component N cr=ww o O e ety n DG .
heaters, the model was run again for all e smnBREr e -
Caleulate oK Cancel Help Max Average Power (TP*{Total Time){Energy/Time) v

21 cases.
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Troubleshooting Hot Exceedances

Component

A
B1
B2
B3

Cmin
Cmax

Surv. Op Op Surv
Low Low High High
(°C) (°Q) (*A) (°0)
-20 -10 40 50
-20 -10 40 50
-20 -10 40 50
-20 -10 40 50
40 50
40 50
71 81
71 81
71 81
40 50
40 50
40 50
30 40
30 40
40 50
40 50
40 50
40 50
40 50
25 30
25 30
25 30
25 30
25 30
25 30
25 30
25 30

N NN DNNNMNDNDN
(O IO, IO, RO, RO, O, B, 0, |

Min TD Min Max TD Max

-2.1
-9.4
-9.1
-6.6
8.6
8.8
-8.6
-4.0
-9.4
-8.8
-5.5
-5.7
8.5
16.7
-9.7
-7.3
-2.1
-5.0
-9.3
6.7
8.5
6.7
8.4
6.7
8.8
6.7
8.7

* Post processing this current set of predicts shows that Comp N
exceeds limits. Further investigation shows this only occurs
during the Hot b75 case.

:3:2 ﬁ:g ii:g * This strongly suggests that this may be driven by heating from
91 123 123 the orbital environment. Viewing the model from the sun,
-6.6 155 155 shows some direct solar loading is on Comp N at the first
8.6 343 343 .

8.8 350 35.0 timestep.

.87 302 302 * Thecloseoutis not quite doing its job. Increase the radius from
05 271 241 28.5 to 30 and rerun...

-1.6 13.6 -0.3

-8.8 11.3 11.3

55 168 16.8

-5.7 16.7 16.7

85 15.8 15.8

16.5 25.7 25.7

-9.7 10.1 10.1

-7.3 15.3 15.3

-2.1 21.0 21.0

5.0 9

-9.3

6.7,

8.

6

gla

6|3

6.
8.5

Thermal Modeling and Analysis at GSFC - 2022

272



Troubleshooting Cold Exceedances

Closing out the gap had the desired effect of getting all the hot
Surv. Op Op Surv

emasent | o el temperatures within limits over the mission, but now some of
(°C) (°C) (°C) (°C) Min TDMinMax TDMax  the components are not meeting their minimum operating
A 20 -10 40 50 - 155 15.5 requirements
B1 220 -10 40 50 58 58 R .
B2 20 -10 40 50 64 64 ©* Thisis a likely effect of a modeling error, where the gap allows
B3 20 -10 40 50 -97 97 96 96 some solar or albedo energy in which provided some warming
Cmin -20 -10 40 50 5.3 53 263 264 .
Cmax  -20 -10 40 50 6.0 6.0 265 265 in folder cases
D1 44 34 71 81 -63 -63 184 184 °* Thisloss of erroneous heat needs to be compensated by the
D2 -44 -34 71 81 -20 -35 160 161 addition of a second heater on Deck_1
D3 44 34 71 81 -13.8 100 -35

* Add a heater where indicated (75 W, -2/5) and increase each of

E -20 -10 40 50 6.4 6.4
F 20 -10 40 50 BB —¥F 121 121 the Comp_N heaters to 20 W
G -20 -10 40 50 -87 -8.7 10.8 10.8
::;r; 8 18 28 AR AE e d 323 On | Off | Size [Avg| DC
| 50 -10 |40 55 Name (€)1 () [ (W) [(W)] (%)
J 20 -10 40 92 Heater-Component H Surv Heater
K 20 -10 40 : : 17.2 |_(|17/22 ZS W)[|\(|:10M|\:_dH][COMP_H_SN] 17 | 22 75 [52.8]70.5
eater-Comp - Mi
|\I;| ;g 18 I 58(_-172_5 __12_65\156?'58 156_'58 (7/14 15 W)[COMP_N][N_1_Mid] 7 14 15 [11.2{74.5
N1min 2 s 2\‘::;”“ ’ Heater-Comp N2 — Mid
N1Max 2 5 A (7/14 15 W)[COMP_N][N_2_ Mid] 7 14 15 [12.2(81.1
N2Min 2 5 ol Heater-Comp N3 - Mid
N2Max IR E i (7/14 15 W)[COMP_N][N_3 Mid] 7 14 15 [12.2(81.2
N3Min ) 5 o Heater-Comp N4 - Mid
N3Max 2 5 24 (7/14 15 W)[COMP_N][N_4_Mid] 7 | 14 | 15 [13.1/87.3
NAMin ) ' i Heater-Deck 1 Operational Heater
N4Max 2 5 2 (-2/5 75 W)[DECK_1][DECK 1] -2 5 75 |58.1|77.4
[
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Finishing Up (Final Products)

* Examining the predicted temperatures shows Component SurvLow Oplow OpHigh SurvHigh
everything within limits, albeit without as much (°C) (°C) (°C) (°C) Min  TDMin Max TD Max
margin as desired, with Component C right near A -20 -10 40 >0 2o | 2o | T ]
) . o B1 -20 -10 40 50 58 58 65 6.5
its hot operational limit. B2 20  -10 40 50 -64 64 69 69
* Looking at the heater powers shows relatively B3 -20 -10 40 50 64 -64 100 100
healthy margins with around 30% heater power €min o L G PO B0 50 CT = T Ol 1
till ilabl y Cmax -20 -10 40 50 8.7 87 269 269
stii avaiiable across ail cases. D1 44 34 71 81  -49 50 188 188
* Your systems engineer colleague thanks you for D2 -44 -34 71 81 04 -03 166 165
your efforts and ensures your recommendations D3 -44 -34 71 81 -101 22 105  -0.9
. . e E -20 -10 40 50 69 69 69 6.8
will be rolled up into their final proposal.
P final prop F -20 -10 40 50 68 -68 124 124
Name (C) (C) (W) (W) (%) Hmin 0 10 30 40 7.8 7.8 15.8 15.8
Heater-Component H Surv Heater Hmax 0 10 30 40 167 165 256 256
(17/22 75 W)[COMP_H][COMP_H_Srv] | 17 [ 22 | 75 [52.5[70.0 ' -20 -10 40 50 56 56 58 5.8
Heater-Comp N1 - Mid J -20 -10 40 50 62 62 97 9.7
(7/14 20 W)[COMP_N][N_1_Mid] 7 | 14 | 20 |8.7(43.6 K -20 -10 40 50 -7 -17 176 176
Heater-Comp N2 — M|d L -20 -10 40 50 -5.9 -5.9 17.1 17.1
(7/14 20 W)[COMP_N][N_2_Mid] 7 | 14 | 20 |9.6[481 M -20 -10 40 50 -54 54 6.0 6.0
Heater-Comp N3 - Mid N1min 2 5 25 30 6.7 6.7 12.7 12.7
(7/14 20 W)[COMP_N][N_3_Mid] 7 | 14 | 20 |9.4|47.2] Nimax 2 5 25 30 9.7 9.7 199 199
Heater-Comp N4 - Mid N2Min 2 5 25 30 6.7 65 127 128
(7/14 20 W)[COMP_N][N_4 Mid] 7 | 14 | 20 [10.4]52.2] N2Max 2 5 25 30 9.6 9.6 208 208
Heater-Deck 1 Surv Heater A N3Min 2 5 25 30 6.7 6.3 12.7 12.5
(-2/5 75 W)[DECK_1][DECK_1A] 2| 5 | 75 |47.9]63.9] N3Max 2 5 25 30 9.3 93 199 199
Heater-Deck 1 Surv Heater B N4Min 2 5 25 30 6.7 6.4 12.7 12.5
(-2/5 75 W)[DECK_1][DECK_1A] -2 | 5 | 75 |47.5|63.3] N4Max 2 5 25 30 9.6 9.6 21.0 210
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Closing Thoughts on Thermal Analysis

* Every thermal analysis should begin with expected performance; without this, how
can the validity of the predictions be judged?

* Analysis of the model predictions is the responsibility of the Thermal Engineer

 Trust the results after you have done some basic verification with hand calculations
and first principles, but also trust your own judgement

* Anticipate the data that is needed from the model. Very often, only a small fraction
of all model nodes are needed to evaluate the design

* Automating the post-processing may take some up front effort, but will pay
dividends when the model needs to be run many times through many cases

 Very often, a fix implemented for one component can have unintended
consequences for other components. The results need to be investigated as a
system. Just because a fix brought one component within limits does not mean that
something that was previously meeting requirements was unaffected

* [f something unexpected occurred due to a model update, seek to understand the
physics that is driving the behavior or make sure it is not a modeling error

* Learn to separate requirements that are not being met due to the design from
requirements not being met due to modeling practices
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Wrapping it all up
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* Thermal Analysis is a cost efficient method of using computer simulations to explore the
design space and verify a design meets requirements

Most spacecraft thermal analyses use a Geometry model to compute Radiative exchange
and environments. These results feed into a Thermal network model to predict
temperatures and heater powers

A process exists for building models and verifying the inputs prior to execution

While an understanding of what the code is doing behind the scenes is not required, it is
extremely helpful to understand the algorithms when troubleshooting is needed

It is the engineer’s responsibility to ensure the predictions are reasonable based on the
physics of the simulation and to synthesize the predicts produced by the model into useful
products for stakeholders

Physics is physics...if you model is telling you something that does not make sense, check
the physics. If the design does not (or cannot) meet requirements, the laws of physics
must still apply...
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Acronyms

American Standard Code for Information

National Aeronautics and Space

NASA Administration
NCG Non-Condensable Gas
PCM Phase Change Material
PID Proportional-Integral-Derivative (controller)
GR/Radk | Radaiotn Coupling
RAAN Right Ascension od Ascending Node
S/F Sinda/Fluint
STEP Standard for the Exchange of Product Data
SS Steady State
STEP-TAS | STEP-Thermal Analsysi for Space
Systems Integrated Numerical Difference
SINDA Analyzer
TMM Thermal Math Model
TRASYS | Thermal Radiation Analysis SYStem
TEC Thermo Electric Cooler
TR Transient
UcCs User Coordinate System
VCHP Variable Conductance Heat Pipe
VF View Factor

ASCII Interchange
API Application Programming Interface
BOL Beginning of Life
CAD Computed Aided Design
CCHP Constant Conductance Heat Pipe
DB Database
EELV (Evolved Expandable Launch Vehicle)
ESPA Secondary Payload Adapter
EOL End of Life
FD Fiinte Difference
FE Finite Element
FEM Finite Element Model
Finite Element Modeling And Post-
FEMAP | processing
FORTRAN | Formula Translation
GMM Geometric Math Model
GSFC Goddard Space Flight Center
HR Heat Rate
Bij Interchange Factor
MCRT Monte Carlo Ray Trace
MLI Multi Layer Insulation

Thermal Modeling and Analysis at GSFC - 2022

278



	Slide Number 1
	Disclaimer
	Thermal Analysis Agenda
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Thermal Analysis Tools
	Current Commercial Thermal Analysis Tools�(Alphabetical Order, No hierarchy implied…)
	Tool Comparison Metrics
	ESATAN-TMS Overview
	ESATAN-TMS
	Space Systems Thermal Overview
	Space Systems Thermal
	SYSTEMA
	SYSTEMA
	Thermal Desktop Overview
	Thermal Desktop
	Thermal Synthesizer System Overview
	Thermal Synthesizer System
	Thermal Desktop
	Slide Number 26
	Thermal Desktop at a Glance
	What is the Model Browser?
	What are Radiation Analysis Groups?
	What are Symbols?
	What are Aliases?
	What are Thermal Objects?
	What are Measurement Points?
	What are Contactors?
	What is the Difference Between �Centroid, Edge Node, and FEM?
	What are Mesh Controllers?
	What are Assemblies and Trackers?
	What Orbit Options are Available?
	What is the Case Set Manager?
	Do I need to learn AutoCad to use Desktop?
	You mean there’s still more I need to know?
	How much more do I have to learn?! �(Not Much more now)
	How much more do I have to learn?!�(Almost to the end now)
	Slide Number 44
	Slide Number 45
	How can I find what I’m looking�for in the Desktop Menu?
	 Setting up Symbols
	 Defining Optical Properties
	Defining Material Properties
	Defining Radiation Groups
	Setting Preferences
	Importing Geometry or FE Models
	Adding Thermal Surfaces
	Adding Thermal Surfaces (cont’d)
	Adding Thermal Surfaces (cont’d)
	Adding Thermal Network Objects
	 Adding Thermal Network Objects: Node
	 Adding Thermal Network Objects: Conductor
	 Adding Thermal Network Objects: Contactor
	 Adding Thermal Network Objects: Heat Load
	 Adding Thermal Network Objects: Heater
	 Defining Trackers and Hierarchy
	Model Browser
	Model Organization
	 Model Organization (cont’d)
	Model Checks
	Model Checks (cont’d)
	Defining Orbits
	Visualizing Orbits
	Case Set Manager
	Case Set Manager (Radiation Tasks)
	 Case Set Manager (SINDA)
	Case Set Manager (Overrides)
	Logic Manager
	Running Case(s)
	Files Created
	Post Processing
	Post Processing
	Post Processing
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Slide Number 104
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Building a Model from Scratch
	Orbit Info
	Dissipation and Limit Info
	CAD Layout
	CAD Layout
	Assumptions
	Model Preparation: Symbols and Properties
	Preparing the CAD
	Preparing the CAD
	Creating Orbits
	ESPA Main Structure
	ESPA Ports Structure
	ESPA Ports Structure Walls
	ESPA Ports Structure Walls
	Making the ESPA Geometry into Thermal
	Decks 1-2
	Deck 3
	Deck Thermal Property Assignments
	Quick detour into Mesh Controllers
	Components - Deck 1
	Components - Deck 1 Heat Loads (Part 1)
	Components - Deck 1 Heatloads (Part 2)
	Component H (Part 1)
	Component H (Part 2)
	Component H (Part 3)
	Component H (Part 4)
	Component C/Pyramid - Deck 2
	Component N - Deck 3 (Part 1)
	Component N - Deck 3 (Part 2)
	Component N - Deck 3 (Part 3)
	Model So Far
	Solar Array
	Solar Array – Visualizing the Orbit
	HGA Boom
	HGA Boom, Component D, and Closeout
	Instruments
	(Nearly) Completed Model
	Model Checks
	CaseSets
	CaseSets
	A brief Diversion:                                                 Steady State vs. Transient
	CaseSets
	Sample Model Conclusion (For Now)
	Slide Number 152
	Slide Number 153
	Slide Number 154
	Slide Number 155
	Slide Number 156
	Slide Number 157
	Slide Number 158
	Slide Number 159
	Slide Number 160
	Slide Number 161
	Slide Number 162
	Slide Number 163
	Slide Number 164
	Slide Number 165
	Some thoughts about Radiative modeling…
	After the Radiation Computations…
	Slide Number 168
	Basic SINDA Outline
	What is SINDA?
	A quick digression…
	Nodal representation of a 2D bar…
	Condensing Conductors…
	What is the SINDA Deck?
	How is the SINDA Deck processed?
	What is the basic syntax?
	How is the SINDA Deck structured?
	Executable Program Flow
	What is a Submodel?
	A few more things before diving                                         into the HEADERs…
	The First HEADER: OPTIONS DATA
	HEADER NODE DATA, submodel
	HEADER CONDUCTOR DATA, submodel
	Conductance Terms
	HEADER SOURCE DATA, submodel
	HEADER CONTROL DATA, submodel
	HEADER OPERATIONS DATA
	HEADER OUTPUT CALLS, submodel
	SINDA Model Example
	SINDA Model Example
	SINDA Model Example – Input Deck (Centroid)
	Running SINDA
	SINDA Model Example - Output
	SINDA Model Example - Output
	SINDA Model Example – Input Deck (Edge Node)
	SINDA Model Example – Output (Edge Node)
	SINDA Model Example – Finite Element
	Slide Number 198
	SINDA File Structure Review
	More than a Basic Node or Conductor
	HEADER REGISTER DATA
	HEADER USER DATA, GLOBAL
	HEADER USER DATA, submodel
	HEADER ARRAY DATA, submodel
	Examples: HEADER ARRAY DATA,submodel
	Logic Block Variables
	HEADER VARIABLES 0|1|2, submodel
	General Functions
	Some Commonly Used Routines
	Some Commonly Used Routines
	Some Commonly Used Routines
	Basic FORTRAN
	Basic FORTRAN (I/O)
	Slide Number 214
	How Does SINDA Solve for Temperatures?
	The SOLVER: Optimization within SINDA
	The SOLVER: Sample Problem
	The SOLVER: Sample – Basic SINDA Setup
	The SOLVER: Sample – SOLVER Specific Setup
	The SOLVER: Example – Output
	SINDA Data Structures
	SINDA Array Data Structures
	SINDA User Variable Data Structures
	Extending SINDA with FORTRAN
	Sample: TMGPRTDP�TMG-Like output with User Specified format
	Sample: TMGPRTDP Output
	Sample: Conv_Trace
	Sample: Conv_Trace Output
	Sample: Get_Orbit
	Sample: SUB_MAX_RANGE
	Slide Number 231
	What’s Happening When SINDA runs?
	What’s Happening When SINDA runs?
	What’s Happening When STEADY runs?
	What’s Happening When TRANSIENT runs?
	Solving for Temperatures
	Extrapolating to Reach Best Solution
	Selecting a Timestep
	Selecting a Timestep
	Troubleshooting a Slow Running Model
	Slide Number 241
	OpenTD API
	OpenTD API Application Examples
	Getting Started
	A bit about the internal hierarchy…
	Some Functions developed at GSFC using the API
	Some Applications developed at                                      GSFC using the API
	Slide Number 248
	Slide Number 249
	Slide Number 250
	Slide Number 251
	Slide Number 252
	Slide Number 253
	Slide Number 254
	Slide Number 255
	Slide Number 256
	Slide Number 257
	Slide Number 258
	Slide Number 259
	Slide Number 260
	Slide Number 261
	Slide Number 262
	Slide Number 263
	Slide Number 264
	Slide Number 265
	Slide Number 266
	Slide Number 267
	Slide Number 268
	Slide Number 269
	Slide Number 270
	Slide Number 271
	Slide Number 272
	Slide Number 273
	Slide Number 274
	Slide Number 275
	Slide Number 276
	Slide Number 277
	Slide Number 278

