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It is more and more common to use numerical analysis software tools for aerospace and
aeronautical applications. Human lives depend on these systems. Based on the wide range
of activities, it is more necessary than ever before to predict the thermal behavior and
protect equipment and systems from thermal damage. In many cases such systems are
not fully protected against extreme thermal loads, such asintense solar impingement.

This presentation shows you the current state of software development at
ThermoAnalytics, Inc. TAI's thermal and IR signature analysis software (RadTherm /
MUuSEY) is designed to provide answers to thermal design questions and to cover these
deficiencies.

A smple case study preﬁented in this paper will demonstrate how eff|C|entIy the
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Thermal and infrared signature prediction is
mor e and more common and useful for

e discover heat sources
e enhanced cover of targets

e predict complexe scenarios

* Procedure
s Results
» Conclusion
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1996 ThermoAnalyticsIncorporates

o 1998 RadTherm 4.1 commercial release

e 1999 RadTherm 5.0 released

e« 2000 TAI receives Tibbitsand Army SBIR Quality Award

o« 2001 TAI awarded Army Prime Contractor of the year
RadTherm interface with CFD & Post-Processors

002 TAI awarded I1. Army Prime Contractor of the year
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Radiation Physics

Computational Fluid Dynamics
Thermal System M odeling

» Cross-Platform Softwar e Development

» Code Optimization

» Conclusion

15/12/03 ThermoAnalytics Europe LLC — Dornstadt — Ger many. Page-8-



_,E ThermoAnalytics Europe LLC

2 Sun

microsystems

15/12/03

AV,
&

FLUENT

INCORPORATED

15/12/03

Microsoft:

Thermo

Thermo

AnalyticsEurope LLC

N\ pTC
> Enterprise
Software
¥| Partner

AnalyticsEurope LLC

— Dornstadt — Germany:

ICEM CFD
Engineering

AU VYEA TR

invent

o | nireductien

SiliconGraphics
Al il » Example

» Conclusion

Page-9-

* | ntredlction

» Example
» Conclusion

— Dornstadt — Germany. Page- 10~



15/12/03

Systems Leve
Thermal Modeling

lwl ) SO = AL - “ﬂﬁ*
-~ -- e L
A\ M NN --1-4-&..

InfraRked
Signature Miodeling

ﬁ——\

» Conclusion

Page-11-

llnv -.(.-; | ;

 Radiation
Single and multibounce radiation
Automatic calculation of view factors and solar projected
(apparent) areas, using a voxel-based ray tracer

 Conduction
Automatic Conduction Linkages

e Convection
Specify H and T,
A utomatic Convection Librar

Calculated Wind Convectioni(nat. enviren's
1D EtId Elew (advection) - Example
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e Advanced Thermal Simulation

e Extremely Fast Thermal Solver

e Large-scale system-level Thermal Analysis

e Flexibility to manipulate your system with easy
e Rapid Prototyping
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Aircraft in standby or hovering
incl. solar loading

Aircraft on mission incl. terrain
on lower or upper atmosphere
incl. solar loading

Infrared signaturein standby,
idel, hovering or on mission
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Automotive

Underbody, Exhaust & Underhood,
Climat Control & HVAC, Vehicle
Interior & Thermal Comfort,
Electronics & Lighting

Electronics

Architecture
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Only Surface Geometry

Convection Coefficient &
Fluid Temperature
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Thefollowing example will discrib a project for an UAV
system development on an attitute of 30000 ft
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MODTRAN Weather File

to predict m diurnal direct solar radiance
o diffuse solar radiance
a thermal sky radiance
o apparent ground radiance

Direct solar radiance

to predict the solar radiance, we ran MODTRAN in “transmitted

solar irradiance” mode (IEMSCT = 3) using the solar waveband
(4,000 to 50,000 cm-1, 0.2 to 2.5 microns)

* Procedure

» Conclusion
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Thermal sky radiance

To run the thermal sky radiance simulation we used the same input deck that we
used for the diffuse solar radiance except we used athermal waveband (200 to
5,000 cm-1, 2 to 50 microns). This waveband corresponds to the spectrum typically
measured in the field for thermal sky radiance.

Apparent ground radiance
To run the apparent ground radiance simulation we used the same input deck that
we used for the thermal sky radiance except:
* Set the zenith to 145 degrees (ANGLE on CARD 3)
* Set the boundary temperature (TBOUND on CARD 1) to diurnal ground
temperature

» Procedure

» Conclusion
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MODTRAN INPUTS

« USSTANDARD DAY 1976 Spring/Summer
» Without multiple scattering

* Rura extinction haze 23 km visibility

e Zenith for sky = 55 deg

 Zenith for ground = 145 deg

» Day of year = 188

» UTC = Hancock Time + 4

» Ground albedo = 0.2 (emissivity = 0.8)

» Procedure

» Conclusion
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B weather-10km-070202.xt - Editor
Datel Bearbeten Format Anscht 7

= <0001
[ #UEATHER LOCALE-LAT, LON, STO_LON, ELEV 47,13 88.6 60 10000
#DATE 'TIME  WINDSPD WINDDIR TAIR ~ RHUM _ PAIR  HELIOM PYRAN
[ #0DMMYY SECNDS KNOTS  DEGREES C FERCENT MBAR w2 w/M2
[ #4 DIFsOLAR ST IRSKYT CLOUD  RAIN  RAINT  SOLARY SOLARY
o4 wmz < Tenths mm/hr  C ZENITHY AZIMUTH
020702 o o =50 5.6 65
i -120.3 -120.3 0
020702 3600 O o -s0 5.6 65
+ -120.3 -120.3 o
020702 7200 @ B 50 5.6 65
i -120.3 -120.3 0
020702 10800 O o 50 5.6 65
* -120.3 -120.3 0
020702 14400 O o =50 5.6 65
i -120.3 -130.3 0O
020702 18000 O o -s0 5.6 65
i -120.3 -120.3 o
020702 21600 O o 50 5.6 65
i -120.3 -120.3 O
020702 25200 O o 50 5.6 65 57.6  987.6
* -120.3 -120.3 O
020702 28800 O o =50 5.6 65 130 1130
» -120.3 -120.3 0
020702 32400 -s0 5.6 65 1184 184
i -120.3 -120.3 o
020702 3801 st 5.6 65 211 211
i -120.3 -120.3 0O
020702 306 o o 50 5.6 65 226 226
* -120.3 -120.3 O
020702 432 =50 5.6 65 235 235
i 5 -120.3 -120.3 0
020702 485 o B -s0 5.6 65 240 240
i -120.3 -120.3 0O
020702 504 =51 5.6 65 241 241
i -120.3 -120.3 0O
020702 5401 o o 50 5.6 65 240 240
i -120.3 -120.3 O
020702 576 =50 5.6 65 235 235
i -120.3 -120.3 0
020702 612 -s0 5.6 65 226 226
i - -120.3 -120.3 0O
020702 B4 st 5.6 65 211 211
i » -120.3 -120.3 0O
020702 68400 O o 50 5.6 65 184 184
4 -120.3 -120.3 O
020702 720 =50 5.6 65 130 1130
i 5 -120.3 -120.3 0O
020702 73600 O B -s0 5.6 65 87.6  987.6
i ¥ -120.3 -120.3 0O
020702 78200 O B 50 5.6 65
i -120.3 -120.3 0O
020702 82800 o
020702 86399
i -120.3 ©
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IR radiance results [ time: 0900 - 1400/ 8- 12 micron]
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» Conclusion
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Modeling Featur es Scheduled After RadTherm 7

User Routines / Hook Functions Directional Water Model
Complex BRDF Ship Wake Model

Parallel Solvers Spatial Sky using MODTRAN
Scene Model Interface 1D Automated FF Network
Exhaust Flow Interface 3D Fluid Flow Modules

jon
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s Results
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e USArmy, Navy, Air Force, Marines,
Coast Guard, NGIC, NAIC

o Flight Safety I nternational

e Los Alamos National Lab

e Booz Allen Hamilton

e Northrop Grum_man ¢ DGA/ETAS- France

e General Dynam_lcs e FGAN / FOM — Germany
e Lockheed Martin e DLR - Germany

e Amher st Systems e TNO - Netherlands

e Teledyne Brown e F.O.A. - Sweden

o United Defense e Bofors Missiles AB - Sweden

s [exiron
» BOEING
s Resylts
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This ssimple case study should show you how easy it can be to predict
potentional heat sources on existing systems, manned or unmanned, in
atmosphere or orbital.

Also this case study shows that using RadTherm / MuSES makes it easy
to find and discover successfully every kind of heat sources, internal and
extreme thermal loads, such as intense solar impingement.

It can be used for exsiting systems as well as for new systems in
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Y our partner for successful thermal and infrared signature
prediction in ssimulation & analysis
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