Thermal Environment
Modeling Practices for
YR .Y the Descent Trajectory of
’ Lunar Landers
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Nasa [ntroduction

* This presentation will discuss only one method of
modeling the thermal environment for descent
trajectories in Thermal Desktop.

* The descent in arguably the most critical point in
any lander mission

* The descent phase presents a unique thermal
environment compared to the rest of the mission
(launch, earth orbit, transit, moon orbit, descent,
surface operation)

* View factor to space decreases
* Main thruster firing and plume add additional heat
» All electrical components operating at max power level.

* Heat loads must be modeled properIK_to ensure
that the lander doesn’t fail catastrophically
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NASA Building Thermal Desktop Model

* Terrestrial heating rate case used

* Right Ascension of sun and right ascension of prime meridian
are the first inputs needed
* Used to control and set the spatial time and location of the moon.

* Determined using location of the sun moon-centered Cartesian
coordinates

 Latitude, longitude and altitude versus time control the
location of the lander for each time step

Orbit: test *

Lat/Long Input  Crientation Planetary Data  Solar  Diffuse Sky Solar  Albedo  Diffuse Sky IR Ground IR ASHRAE  Fast Spin  Comment

2g], altitude [km], z-rotation [deq]:

Right Ascension Defintions zec], latitude X ude
01 -14.116433 75499934 102.16025

Ll
® User Specfied 1165 18953012  79.061243 10213733
2329 23716957 82835058  102.1171
RA of S 008 3193 23381661  B86.893775  102.0897
un 1657 32914116  91.322607 10208526
5821  -37272477 96222185 10207334
R.A. of Prime Meridian |11.396 6985 41402934 10170968  102.06587

8143 45236457  107.91587 10206111
9313 48684779 11497344 10205972
10477 51633433 12238972 10206175
11641 53975105 13199816  102.0672

12805 55562874 14189458  102.07606
O Use Date/Time 13969 56295141 15235098 102.0893
15133 56115733 163.0393 10210489
2019/10/06 10:09:03 GMT 16297 5503835 17334648 1021239
17461 53144428  -177.08163  102.14507
18625 50555423  -168.4693% 10216254
19785  -474343938  -160.52168  101.88549
20953 43871666 15427253  101.14308
22117 -3396213 14840341  99.95739

cooooooooooooooooooo
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N@f‘}‘. Defining Thermal Environment ol

Node

* Orientation =
* Allows user to define orientation of Lander during 1246
descent 1157

1069

e Earth's Moon’s planetary data 980, 2
« Radius, gravitational mass, inclination, sidereal period, o
and mean solar day a s

e Ground IR (seen to right) e
536. 9

* Allows user to define planetshine vs. location 448. 3

359. 6
271

182. 3
93. 635

5

{2
IR Flux [W/m™2]



NQ\%A Ensuring Proper Rotation

Difference in Longitude

* Rotate along Z-axis by longitude plus value

of R.A. of the prime meridian O ror
* Result: X-axis of lander points through Z-axis Difference
Of moon in Latitude
* Rotate along Y-axis by value of latitude bif/ o
_ ljf Jerence in Latituade
e Result: X-axis of lander points through center Y% roc = tan l(D,{ffergnce i Longitude’
of moon

* Rotate along X-axis by the inverse tangent
of change in latitude over change in
longitude.

* Result: Z-axis of lander points along velocity
vector
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nasa Additional Rotations Required

* If more than 3 rotations are desired, then the use of rotation
matrices is required.

* Rotation matrices allow the conversion of any number of

rotations down to 3 base rotations. 20) - T
¢ TO dO thIS yOU |0 sinf cos@ |
* Rotate lander by any number of rotations at each time step Tcos§ 0 —sind]
* Obtain a 3X3 matrix for each time step R@)={ 0 1 0
* Equate the 3X3 matrix at each time step to the base rotation matrix Lsind 0 cosd |
seen below (cosf —sinf 0]
R,(0) = | sind cosf 0O
R(i) =I5 * R,(Longitude(i)) * Ry (Latitude(i)) R, (erot(i)) * Ry(135°) L0 0L

R = R,(¢) * Ry (0) * R, (V)
cosO cos¢p siny sinf cos¢ — cosyp singp cosy sinb cosep + siny sing
= | cosO singp siny sinB sing + cosy cos¢p cosy sinf sing — siny cosp
—sin6 siny cos6 cosy cos6



NQ\S\JA 2-Argument Arctangent

e Equate the final matrix at each time step to the
base rotation matrix below and solve for theta (0),

phi (¢), and psi () 6 = asin(—73;)
. . . ¢ = atan2(ryy,111)
e 2 solutions for both phi and psi W = atan2(ryy, ra)
* Must use 2-argument arctangent

arctan() if £ > 0,
arctan(¥) + 7 ifz <Oandy >0,
atan2(y, z) = 1 Mct&'ﬂ(%) —-m ?fm < 0andy <0,
+3 ifz=0ardy >0,
-3 if z=0andy <0,
| undefined if £ =0andy=0.

R = R,(¢) * Ry (0) * R, (V)
cosO cos¢p siny sinf cos¢ — cosyp singp cosy sinb cosep + siny sing
= | cosO singp siny sinB sing + cosy cos¢p cosy sinf sing — siny cosp
—sin6 siny cos6 cosy cos6
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Building Thermal Desktop Model

Create array symbols for theta, phi, and psi in
the symbol manager

Add in the additional rotations on the

orientation tab for terrestrial heating rate
cases

Select “align to celestial coordinate system”

Interpolate between time steps of heating
rate case

Orbit: test

X
Lat/Long Input Orientation  Planetary Data Solar  Diffuse Sky Solar  Albedo  Diffuse Sky IR Ground IR ASHRAE  Fast Spin - Comment
Pairting Additional Constraint
Az (S Az N/A
Zenith Zenith
Sun Sun
Star Star
FRiight &scension: 0 Degees Riight Ascension: 0 Degrees
Declination: 0 Degees Dreclination: 0 Degrees
Velocity vector Velocity vector
Crientation Ovemide Additional Rotations
Z | |l55.6285 Dearees
Align to Celestial Coordinate System Y o~ -46.4409 Degrees
Cancet | [t
Expression Editor X

Select units for: Angle

Degrees

Erpressi

Add Spmbaol

Right Click in expression field to access existing spmbol names

ion:
interp[TIME,PHI_LLA hiTimeSec]

Z-awis rotation for lander determired using built-in interpolation function at each position in seconds (hiTimeSec)

Output dbove Expression To SINDA [Pleas

& make sure that all REAL walues have a ' with the number]

Expreszion iz in SINDA Unitz (Mo units Conversion perfarmed)

[[] Disable  amings far this Expression

Cancel Help




NASA Quality Checks

 Two methods to check that the lander is properly
oriented at each time step
* Display the orbit in the heating rate case manager
* View the lander from the planet

b Bep N
Ea £4 g Direction of
Descent

S

Ground
Sensors

Model Checks =

View Vehicle Setup *

Wiew From: | Planet




N@%‘,‘. Conclusion

* Modeling the thermal environment for a lander descent correctly is
essential for a successful mission. This can be difficult due to the
transient nature of a descent and the addition of new thermal conditions
such as component heat loads, changing view factors/radiative sink
temperatures, and thruster/plume heat loads.

* The method shown above is one way to obtain the desired results but is
very versatile and easy to use if more detailed rotations are required.



NQSA Questions?

* Questions?
e Comments?
e Other ways of achieving desired effects?



