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Abstract

The Martian surface environment is complex to model since it is composed of multiple diurnal flux
inputs and temperature sinks. The Mars environment is similar to Earth’s since it undergoes seasonal
changes in its weather pattern. Through the past Mars missions, the surface environment has been study
extensively. New discoveries are made and scientists are having a deeper understanding of the Martian
surface environment. Several engineering tools and analysis methods have been developed over the
years and are used to predict and model the thermal environment for future missions. However, there are
fundamental questions that are raised regarding the precision of these tools and methods. Therefore, one
solution would be to perform a validation by correlating thermal model results to flight data. However,
the surface environment is very dynamic in terms of wind speed and direction as well as the fluctuation
in the atmospheric dust content. Therefore, it is difficult to accurately determine the exact environmental
condition through one Martian day in order to perform a correlation. Nevertheless, performing such an
exercise will give us a certain level of confidence on the tools and analysis methods.

The presentation will give an overview of the tools available to determine the thermal environment and
will explain how such an environment can be modeled using IDEAS/TMG. Furthermore, the tools and
analysis method will be validated by comparing thermal model results with flight data from the Phoenix
Meteorological Instrument.

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



Validation of the Martian Thermal Environment Modelling Method using Flight Data 239

-~ Validation of the \
Thermal Environment [
Methods-using Flight D

Stéphane Lapensée
ESA-ESTEC TEC-MTT

» 24 European Workshop on Thermal and ECLS Software European Space Agency
16-17 November 2010

Background Information

Several tools and analysis methods are used in the frame of the Exomars Program

— Basic questions are asked regarding the accuracy of the tools and analysis methods to
predict the Martian Environment

Validation with flight data provides excellent feedback but it is not always possible
or easy to perform
— Few successful surface missions
— Auvailability of flight data and correlated thermal models
— Lack of Knowledge of the surrounding environment
— In case of science instruments, science objective and science data have
priority over engineering data, hence very few monitoring points
— Time and budget allocation for thermal model correlation to flight data is not
always a priority
= No news is good news approach
Any type of comparison with flight data provides confidence in the tools and
methods, which in the end is a validation.

European Space Agency
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' ironm dcesa
Martian Environment | S
Seasonal Variations that are repeatable . Viking 1 & 2 pressure data
— Solar Declination due to Mars axis wl | D vews
inclination - v
— Pressure variation caused by CO2 o —
Migration g,
— Atmospheric Dust increases due to ]
storms -
Thermal designs are based on multiple ) .§ ¥
Landing Sites scenarios since the landing site @
is selected very late in the program "
Cope with large temperature extremes ’
due to surface properties and seasons o
— Extremes are scattered across multiple O e Langiuce dearees
landing site scenarios and not within one )
specific landing site MER A & B Atmospheric Data
— Due to different latitudes of landing ’ C T T T 107
sites

— In order to perform correlation, a good )
knowledge of landing site during operations is
required

— Atmospheric Conditions changes daily
— Wind speed and direction
— Surface temperature and pressure

Optical depth

LMD 1D Flux Engineering Tool to
determine the Mars Environment

Based on a global circulation model developed by
Laboratoire de Météorologie Dynamique, through
ESA Contract

— http://www-mars.Imd.jussieu.fr/

Effect of ground temperature
on varying parameters

H

Produces surface temperature and solar flux
profiles to be used in thermal analysis
LMD validated 1D flux tool with Pathfinder and
Viking data,

— higher precision at Latitude -50° to 50° Mars hour Mars hour

g

surface temperature (K)
g

surface temperature (K)

g

Independent comparison with JPL 1D Flux tool O epmeri pressae ooty
output was performed

The input parameters to LMD Flux Tool are:

200 15.0 mbar

surface temperature (K)
surface temperature (K)

0.8 mbar

— Areocentric longitude, Ls

— Landing site latitude o6 ol w o o s 2w u

Mars hour Mars hour

— Ground pressure Ref: Apparent thermal inertia and the surface heterogeneity
— Atmospheric opacity of Mars, Nathaniel E. Putzig and al. 2007

— Local surface Albedo
— Thermal inertia of near-surface ground layer

European Space Agency

.~ Infrared emissivity of bare ground
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LMD 1D Energy Balance Heat

Fluxes Output

Basic Thermal modelling software can
reproduce

— Radiative exchange

[===Atmosphere
L ettty Attt Sttt (==Radiation |-~
7 Sub-Ground | _

— Ground Conductive exchange

What is missing is the Mars
atmospheric turbulent mixing model, j‘;
which can be imported into the
analysis from the LMD Tool

Heat Flux (W/m2)
5

LMD Flux tool can be used as a

reference by extracting the energy
balance data and compared to thermal
simulation

T\ /

123456739101112134151\1713192021222324

Always have a reference horizontal flat
plate in the model in order to cross ime ours)
check results with Environmental

InpUtS European Space Agency
5

s

JMars Public Application {cesa

JMars, Java application, public access to
Mars remote sensing data,
http://jmars.asu.edu/

Excellent tool to extract Albedo, Thermal
inertia and Altitude

— Thermal Emission Spectrometer (TES)
Albedo Maps, Mars Global Surveyor

— TES Thermal Inertia Maps
(Christensen 2001 and Putzig 2007)

— Mars Orbiter Laser Altimeter, (MOLA)
Altitude Maps, Mars Global Surveyor

Export data to Excel for manipulation

02 Ll
Wl L
i
T
! M
! |
A1t 1 \ Generated Albedo vs Thermal Inertia
| | i Plot for specific landing site
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(§
Thermal Analysis Software Tools {cesa

Exomars Industrial team is currently using ESARAD/ESATAN for the thermal analysis of the 2016 and
2018 Exomars missions

— Facilitates the exchange of thermal models

— Mars Surface modeling method has been developed (Presented at previous ECLS Workshops)
ESTEC has separate models of the EDM and Rover in I-DEAS/TMG

— Independent cross checks with industry models

— Allows coupling analyses between CFD and surface thermal

TR - o X
NN NOIASESRIT N 2016 EDM TMG Thermal Model
. Heat Transfer Coefficients calculated with TMG/CFD European pace Agency

I-Deas/TMG Interface

I-Deas/TMG has a built-in
capability for planet body
surface analysis

Direct and diffuse solar
fluxes can be modeled

“Space” Nodes are used to
model the Sky
temperature

Ground is modeled
through dedicated
elements

Wind modeled with fixed
or variable heat transfer
coefficients or coupled
through CFD

| butll 2
=
[ s s e | |
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s

Diurnal Solar Heating Interface *‘\&\gesa

>~ Diurnal Solar Heating - Modify > Dimrnal Solar Heating - Solar Data
s 2000 =
ISelected Elements | _‘

o 3 2 v | e

forow [ Sfeourrev il - [case 2 coLo oiRe |

pee 5 e, B
|
|
e
|

Frororein =] o5
_ok | awy|  Feset|  Concel|

TMG can model Atmospheric effects
— Models are currently based on Earth Environment and not relevant to Mars
Input time dependant Solar Flux values obtained from LMD Flux tools

— Need to correct direct solar flux since LMD 1D calculates for a horizontal
Plate

9 — Sun Elevation and Azimuth data is generated by LMD Flux Tool

European Space Agency

Diffuse Solar Flux

> Radiation Heating - Modify

Radiation Heating Option is Sketch Al
used to model the Diffuse Solar —_———
Flux 2
Radiation heating has the iore ]

ability to emit in IR or Solar

spectrum [selected Elements 7]

Source elements can be either o ] el

the “Space” Node or a
transparent Dome can be
erected around the model to
emit the Diffuse Solar flux Fe 3

fwine] ]
erse ooy af

5

o B Jroureey |l ke

FuorCrenon oo
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Validation using Phoenix MET
Instrument Flight Data

Electronics,
~ Pressus@é
_Sensor,
L FidaHeater |4
Volidgey, &
‘ _Redulaton 4| m

Ref: Thermal Design and Analysis of the Phoenix Mars Lander Meteorological
Instrument, ICES 2007-01-3240, Canadian Space Agency
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Thermal Characteristics of the MET
Instrument

Thermal Characteristics of the LIDAR

— Fiberglas thermal blanket with Betacloth as an exterior layer

Thermally isolated from the Spacecraft Deck
— Main heat loss contributor is the Sky
— Temperature sensor located on the LIDAR Chassis
Thermal Characteristics of the Mast Base
— Thermally coupled to the spacecraft deck
— Low emissivity finish
— Sensitive to Solar fluxes
— Main heat loss contributors are natural and forced convection

— Temperature sensor located on the Mast Base

12
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Albedo and Thermal Inertia Mapping of

Landing Site

Phoenix Landing Coordinates: 68.218830N 234.250778E,

Landing Mars Solar Longitude (Ls)= 76.6. Mars Spring, May 25th 2008
Albedo = 0.21, Thermal Inertia 250

THEMIS mapping of landing region

r Phoenix
+ Landing
site

Regional:
S:
J=25

7Z=45cm

THEMIS:
1=283

0.1
[ 7=6.2cm

]
]
L ]
ek . & 3 |
0 200 400 600

1 I M 2 1

Ref: Martian High latitude permafrost depth

Thermal Inertia (J m* K's") and surface-cover thermal inertia distribution:
Ref: RELATIONSHIPS BETWEEN REMOTE SENSING Josh Bandfield and al., 2008
DATA AND SURFACE PROPERTIES OF MARS European Space Agency

13 LANDING SITES. M. P. Golombek and al, 2009

Phoenix Landing Site Optical Depth

Measurements

CRISM and SSI Dust Optical Depths

0.9

0.8 1

0.7

0.6
'ﬁl + CRISM
3 0.5 BTau_451
E Tau_671
5 0.4 <Tau_886
8. xTau_990
© 03

0.2

0.1

0 - -~ v . - v
75 85 95 105 115 125 135 145
Ls

Ref: PHOENIX AND MRO COORDINATED ATMOSPHERIC SCIENCE. L. K. Tamppari ) Y .
et a|., 2009 European Space Agency

14

24th European Workshop on Thermal and ECLS Software 16-17 November 2010



246

Validation of the Martian Thermal Environment Modelling Method using Flight Data

Estimates of the Phoenix Landing Site

Environment Parameters

Time (Hour}

Solar Ground
Optical Depth | Surface Albedo Ls Pressure Thermal Inertia | Declination |Emissivity| Latitude
Description T Pa ( m-2 K-1 5-1/2) (o)
Phoenix Sol 9 0.5 0.24 80.48 835 250 24.8 0.98 68.2
Phoenix Sol 32 0.65 0.24 90.79 801 220 25.2 0.98 65.2
Phoenix Sol 119 0.24 0.24 131.88 733 200 18.6 0.98 68.2
. Phoenix Sol 147 0.5 0.26 145.62 733 210 14.0 0.98 68.2
Sol 9 Atmospheric Temp
Sol 32 Atmospheric Temperature
o - - v v 0
-10 2 10 5 20 _1E|:I.I[D 5.00 10.00 15.00 20.00
20 + Flight Data 0 ’m‘
- e adel —=— hodel
g -30
5 T P e
L] ':':; - % -40 ¥,
g §' - f \
= 3 -B0
2
5,
!/[ ™
-80
Sol 119 Atmospheric Temperature Sol 147 Atmospheric Temperature
° : ' ' ' -10 . . . .
-10 s Lo 1= 20 20 5 10 15 20
E -30 —m—Model s g a0
g 40 - 3 o %
E 50 *;-! 60 4
g 80 - £ 7
= -70 ""' E -20 / ‘k
-80 -90 ‘i.._/ | + Flight Data .
-90 -too | —=—nodel ey
-100 -110

Time (Hours)

400

Calculated Phoenix Boundary Conditions

using LMD 1D Flux Tool

Total Solar Flux

=e=—Fhoenix 301 §

Phoenix Sal 32

100

—s—Phoenix Sol 118

~Phoenix Sol 147
10

Flux Wm2

150

g - M
. \W / \\

——PhoenixSol @

Phoenix o1 32

160

—=—PhoenixSol 119

—PhoenixSol 147

Time (Hour)
Time (Hour}
Ground Temperature AtmosphericTemperature @ 1m
5 10 15 20 5 10 15 20

——PhoenixSol 9
Phoenix Sol 32

—e—Phoenix Sol 119

——PhoenixSol 8

Phoenix Sol 32

—e—PhoenixSol 119

e Phoenix Sol 147

- PhoenixSol 147

Temperature (C)

10

Time (Hour)

10

Time (Hour)
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Phoenix MET Thermal Model s

{cesa

Thermal Model was built by the Canadian Space
Agency
Generated and analyzed using I-DEAS NX12 and
TMG 12
Model Correlated by Ground Testing in a Martian

Thermal Environment

Ref: Thermal Design and Analysis of the Phoenix Mars Lander
17 Meteorological Instrument, ICES 2007-01-3240, Canadian Space Agency

Eurer Space Agency
European Space Agency

MET LIDAR Thermal Testing

Tested in an 8 mBar CO, environment
in order to verify
— Thermal design
— Thermal distortion effect on
alignment
— Performance over temperature

Thermal chamber temperature varied
from 30°C to -100°C
— CO, will condense below -100°C

Natural Convection inside the LIDAR

during testing was significant Ref: Thermal Design and Analysis of the Phoenix Mars
Lander Meteorological Instrument, ICES 2007-01-3240,

— Heat transfer coefficient Canadian Space Agency

correlated to test data and
adjusted for Mars gravity

ELHU'.\(.]H Jpace Agency
18
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Phoenix Measured Wind Speed over the s
mission : \\\&\\%esa

. . N T N
o O N &~ O

Wind Speed, m/s

LTST, Hours

Ref: Phoenix Mars Lander Mission: Thermal and CFD Modeling of the Meteorological
Instrument based on Flight Data, ICES 2010 AIAA 2010-6195, Stéphane Gendron and al.,

19 Canadian Space Agency

12:00

18:00

Calculated Forced Convection Coefficients Q&&iesa

Heat Transfer Coefficients Calculated using CFD

U ) havg hmin hmax
(m;s) (degre | (W/m2/ | (W/m?2/ | (W/m?2/
es) K) K) K)
4.14 0 0.94 0.00 4.30
4.14 45 1.12 0.00 4.40

0.94< h,,<1.18 W/m?/K

avg

Box Shape Empirical Equation for Heat

Transfer Coefficient

hd

f

1

— =0.102-Re**"-Pr,3

h=0.91 W/m2/K for 4 m/sec Wind

20

Ref: Phoenix Mars Lander Mission: Thermal
and CFD Modeling of the Meteorological
Instrument based on Flight Data, ICES 2010
AIAA 2010-6195, Stéphane Gendron and al.,
(anadian Space Agency
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Phoenix Instrument Flight Data Available \\E\‘i
# Phoenix Analyst's Notebook
2 | About | Comments
SOL SUMMARY REPORTS MET-LIDAR - Lidar 632 nm Photon Counting EDR LS 008 ELP _00896999088_11AE M1
Enter sol or select from list. Then select a report to Single product from activity 11AE
access documents and data. (=]
Product Overview LS 009 ELP _00896999088_11AE M1
SoL 4S8 a v o110 B || [produet e
Overview T -
REPORT( Timeline (v €
— PSI Plan
o
S om e e ww we tse e red| O
[ ] A Lidar E)
erature Reporting R
RAT \onitoring . 'b = D
RAC Temperature monitoring e
[Z1(x] [#] s01 9 TECP wind (no RA mave) Data Set
[J[S] opticalvepth Documents Erowse Image - this image iz not the actusl data pradhct
][] TEGA Atmog
. TEGAAtmod | Help Download Product Files
[ Testacquire and durmp Product Data File
[M] 501 9PT data xfer and restart ]
[[S] Optical Depth A Detached Product Label File o4
C—_J(E] ] omousisa 40
|[5] s Fiducials mini
Meta Data Overview
Product Type Description Lidar 32 nm Pheton Counting EDR
CIXI [ soi® Product Type
[I[5] Temale Sol 008
[[E] pm Ops Token 16#1 1AEQ000%#
CE Instrument Host ID PHX
[m[E] Instrument 1D LIDAR
I5] ss UTC Start Time 2008-06-03722:23.39.639
OE UTC Stop Time 2008-06-03T22:53:42.089
Space Craft Clock Start Count BIEIT9087 840
Detached Label File MDS Checksum
31F861DAB0DE7OBBEE2AE4EES FEEETA
Detached Label File SHA-1 Checksum
1968A5C396CICO4EAICO48464957 BSBAEEST16DA
Product Data File MD5 Checksum
4E35921300419BDCOCFOF2A1820B4958
Product Data File SHA-1 Checksum =
. . European Space Agency
2 Ref: http://an.rsl.wustl.edu/phx/solbrowser/default.aspx

LIDAR Simulated and Flight data

Comparison for SOL 32-33

Pressure sensor located on the PEB, which housed the LIDAR electronics
and LIDAR Keep Alive Heater Voltage Regulator
Temperature variations affect the pressure measurements, which provide
information on the duty cycle of the LIDAR heater
0 T T T T T T T T 822
- =
20000 40000 60000 80000 100000 120000 140000 160000
-5
-10
# LIDAR Flight Data
I -15
% % —4— LDIAR Simulated
g -20 3 Data
s S
T s " L - r 812 —=— Pressure
f 111 Measurements
-30 Uﬁ - 810
-35 808
-40 806
Time (sec)
Ref: Phoenix Mars Lander Mission: Thermal and CFD Modeling of the curepean Space Agency
22 Meteorological Instrument based on Flight Data, ICES 2010 AIAA 2010-6195,
Stéphane Gendron and al., Canadian Space Agency
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LIDAR Simulated and Flight data A

-
Comparison for SOL 9 and 119 {sesa

Pressure (Pa)

e Pressure
Measurement

a0q b
* LIDAR Flight Data

s

] W F
a0 = LIDAR Simulated

2 Data

| "

0

9"\ soL119
b
2 " 0 745
Time {sec) 10000 20000 30900 40§00 50400 6000 70000  80Q0O
K3 744
743
10
Ref: Phoenix Mars Lander Mission: Thermal o f\f\‘\ 2 * UDARFight Data

and CFD Modeling of the Meteorological v
Instrument based on Flight Data +- LIDAR imulated

20 Data

Temperature (*C)
Pressure (Pa)

4 Pressure
Measurement

-25

30
W . J
> f':"u'& i'.lh.;.' m'-"\.‘". N‘HN'

Time (sec)

23

MAST Base and TEGA Simulated and

Flight data Comparison

Larger temperature differences when compared to the LIDAR data
Uncertainty in the optical finish, as well as the level of accumulated Dust
Forced Convection uncertainty, wind gust/speed and direction, blockage effects

Large Temperature difference for the TEGA instrument could be related to the
power dissipation during operations since TEGA model used is based on
assumptions

= A

MAST ITB TEGA
Sol # LTST Flight T Model T AT Flight T Model T AT
(hrs:min) o) O O o) (O o)
2:36 -68.1 -82.2 -14.2 -69.9 -72.4 -2.5
? 15:07 -12.9 -26.0 -13.2 -15.1 -23.8 -8.7
1 2:48 -69.4 -78.2 -8.9 -67,8 -69.8 -2,0
14:29 -13.6 -22.7 9.2 -14.9 -23.1 -8.2
119 2:45 -77.8 -89.9 -12.2 -81,5 -80.1 1.4
14:18 -16.5 -27.4 -11.0 -7.3 -32.1 -24.8
3:26 -85.9 -98.2 -12.4 -90.6 -92.1 -1.5
147 14:24 -24.8 -40.8 -16.1 11,0 -43.2 -54.2
Ref: Phoenix Mars Lander Mission: Thermal and CFD Modeling of the Meteorological
Instrument based on Flight Data European Space Agency
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Depending on
the wind
direction, the
MET Mast Base
may experience
significant wind
blockage

Ref: Phoenix Mars
Lander Mission:
Thermal and CFD
Modeling of the
Meteorological
Instrument based on
Flight Data, ICES 2010
AIAA 2010-6195,
Stéphane Gendron and
al., Canadian Space
Agency

European Space Agency
Y

25

Conclusion

Analysis methods is in agreement with flight data even though
the process to determine the environment relies on remote
sensing data and atmospheric models, which have a certain
uncertainties
Model of the LIDAR correlates very well since it is less sensitive
to wind effects
MET Mast predicted temperatures have a 9°C to 16°C difference
with the flight data.
— Mainly due to the optical finish uncertainty and wind
blockage effects
This aspect will be critical for the Exomars 2016 Lander mission
— Further investigation could be performed on the Phoenix

Flight data in order to further explain the temperature
differences, e.g. including variable heat transfer coefficient .. sy sgen

26
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