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Orbital heat load

Problem 5

Plate in an Orbit with Eclipse

Model Description:

In this problem you will create a model like problem 4. The plate will radiate and absorb heat flux
only on one side, the other side is insulated. No active heat is imposed on the plate. The orbit is
a round orbit with an eclipse. The attitude is 3 axis stable, and Earth-oriented. A transient run
will be made this time. Please note: this problem needs a Fortran compiler. We will add some

Fortran logics in the sin file.

Surface Dimension = 1.0m x 1.0 m x 0.001 m

Ambient Temperature = -273.15 K

The material is Aluminum 6061 T6
Thermal Conductivity = 167 W/m.K
Specific Heat = 880 W/Kg
Density = 2700 Kg/m?

Surface IR Emissivity = 0.85

Surface UV Absorptivity = 0.38

N

Attitude: Earth oriented

a/e =0.38/0.85

Insulation

/ Orbital Radius: 6705km
Orbit Inclination to Equator: 42.8°
Sun Day Angle: 204.3%

Sun declination angle: -9.425%

Argument of Ascending Node: -21.1°

Thermal Conduction
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Satellite

The antenna receive solar heat load ,and
radiation to space at -273.15 degrees from
top

Ea"
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SINDAG run
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As we can see that the comparison between MSC/NASTRAN thermal and SINDAG is excellent in this transient thermal
analysis of satellite model, (peak temp is about 9 degree C in 9 degrees C for MSC/NASTRAN)
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Temp in degree C (Time = 1200 sec))

MSC/NASTRAN

Patran 2021 28-Sep-21 10:54:28

Fringe: SC1:Step 1.0OREBIT, A1:Time=1200., Temperature, , , (NON-LAYERED)

Thermal Conduction

SINDAG result

-2.92+00l Patran 2021 28-Sep-21 11.06:02

Fringe: SC1:Step 1:0RBIT, A1:Time=1200., Temperature, , , (NON-LAYERED)
-4.89+00)

-5.87+00)
-6.84+00)
-7.82+00)
-8.80+00)
-9.77-+00)
-1.07+01
-1.17+01
-1.27+01
-1.37+01
-1.47+01

-1.56+01

-1.66+01

-1 76+01 v
-1.86+01
default_Fringe
Max -2.92+00 @Nd 392
Min -1.86+01 @Nd 360¢

Peak temperature is -3.9 for MSC/NASTRAN and -3.9 for MSC/SINDA

-3.92+00)
-4 89+00)
-5 87+00)
-6 84+00)
-7 82+00)
-8.80+00)
-9.77+00)
-1.07+01
-1.17+01
-1.27+01
-1.37+01
-147+01
-1.56+01
-1.66+01

-1.76+01

-1.86+01
default_Fringe
Wax -3.92+00 @MNd 392
hin -1.86+01 @MNd 360¢
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(Time = 3000 sec) in the peak solar power

MSC/NASTRAN

Patran 2021 28-Sep-21 10:55:26

Fringe: SC1:Step 1:0RBIT, A1:Time=3000 , Temperature, , , (NON-LAYERED)

Thermal Conduction

SINDAG result

8.70+00! Patran 2021 28-Sep-21 11:06:44

— Fringe: SC1:Step 1:0ORBIT, A1:Time=3000., Temperature, , , (NON-LAYERED)
7.86+00)
7 .44+00]
7.02+00]
6.60+00;
6.18+00]
5.77+00]
5.35+00]
4.92+00)
451400
4.09+00)
3.67+00]
3.25+00]
2.83+00f

2.41+00]
default_Fringe
Ilae & 70+00 @Nd 292

hin 2.41+00 @MNd 4014

Peak temperature is 8.7 for MSC/NASTRAN and 8.7 for MSC/SINDA

8.70+00)
8.28+00)
7 85+00)
7 44+00
7.02+00
6.60+00)
8.18+00
5.77+00)
5.35+00)
493400
451400
409400
3.67+00)
3.35+00)

2.83+00

2.41+00

default_Fringe :
hax 8. 70+00 @Nd 292
lin 2.41+00 @MNd 4012
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(Time = 4200 sec) in the eclipse

MSC/NASTRAN

Patran 2021 28-Sep-21 10:56:36

Fringe: SC1:Step 1:0RBIT, A1:Time=4200., Temperature, , , (NON-LAYERED)

Thermal Conduction

SINDAG result

371400 Patran 2021 28-Sep-21 11:07.27

Fringe: SC1:Step 1:0RBIT, A1:Time=4200., Temperature, , , (NON-LAYERED)
-3.51+00]

-4.32+00
-5.12+00
-5.92+00
-6.73+00
-7 53+00
-8.34+00
-9.14+00)
-9.94+00
107401
1.16+01
124401
132401
-1.40+01 v

-1.48+01
default_Fringe :
Max -2.71+00 @Nd 401

Min-1.48+01 @hd 292

Peak temperature is -2.7 for MSC/NASTRAN and 2.7 for MSC/SINDA

-2.71+00)
-3.51+00)
-4.32+00)
-5.12+00)
-5.92+00)
-6.73+00)
-7.53+00)
-5.34+00)
-9.14+00)
-9.94+00)
-1.07+01
-1.16+01
-1.24+01
-1.32+01

-140+01

-1.48+01
default_Fringe
Mlax -2.71+00 @hd 401
tlin -1.48+01 @Nd 292
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MSC/NASTRAN SOL 400 transient thermal analysis

b uatt/cn2. k4 % Radiation Enclosures of Load Set : wview bottom

soL 4ee
;Eg? + Text Input for Global Case Control Dat 5pC,1,5001,1,-273.15
ANALYSTS - HTRAN temp,1,50801,-273.15
;g{L}E:Ng;é/NASTMN J0B CREATED ON 25-SEP-98 AT 21:21:01 $VIEW 3 101 BOTH
iET 7z = 5801 $RADSET 181
c TLOADL 5 3 10
SUB;‘S;"IE'I':IL'LE=tran_new $L0ﬂD1 6 4 10
TSTEPHL = 1
SP[E);OAD -2 $LOAD 2 1. 1. 5 1. &
THERMAL (SORT2, PRINT ) =ALL DLOAD 2 1. 1. 5
;P[C)E:ZZt Text Input for this Subcase RADBC 58811 @. 5’ » 1888811thr‘u1 leass2
OUTF_’gT(XVPLOT) $ Normal Heat Flux of Load Set : antenna_top
yarid-yes QBDY3 3 le-4 100001
;‘Eﬁ::::; QBDY3 3 le-4 leeae2
;)égi;tﬁﬁfzpﬁﬁsll(ﬂ),389(T1) QBDY3 3 le-4 laeea3
$ Direct Text Input for Bulk Data QBDY3 3 le-4 leaeed
gzkm“ :2; 273_15 QBDY3 3 le-4 laa6e5
Eﬁm,smt’lﬁég;rﬁg QBDY3 3 le-4 le8606
TSTEPNL 1 1100 5. 1 ADAPT 2 e U QBDY3 3 le-4 leeae7
-1 o QBDY3 3 le-4 166608
$ Dynamic Load Table : solar_load_new QBDY3 3 19-4 188889
TABLEDL 18
- 0. 181.67999 60. 181.67999 QBDY3 3 le-4 leeale
Dol mem W b OV 3 les 100011
= 360. 181.67999 420, 181.67999 QBDY3 3 le-4 186612
* 430. 181.67999 s40. 181.67999
* 500. 181.57999 668. 181.67999 QBDY3 3 le-4 188813
L eLers 500, 181.67999 QBDY3 3 le-4 166614
C o wleres 103, 16167999 Q8DY3 3 le-4 100015
< e o700l 1200, 32062599 Q8DY3 3 le-4 100016
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MSC/SINDAG test deck

C M5C Sinda input file created for problem name: satellite rcont -241153, 4283, 4288, 4.€92278

BCD 3ITHERMAL LECS -241154, 4264, 4286, 2.166580

BCD 9MSC Sinda model from Patran/MNastran and SindaRAD —-241155, 4285, 4288, 4.060300

BCD 9 Model name = satellite_rcnt _221125' :25:' :222' zgiigzg

. . ’ .

igﬁ 3NODE DATE -241158, 4279, 4286, 4.095587
282, 100.0000 , 0.5141574 -24115%, 4281, 4286, 4.738801
283, 100.0000 . 0.6085281 -241160, 4282, 4286, 4.692272
284, 100.0000  0.335171% -241161, 4283, 4286, 2.166581
285, 100.0000 | 0.6337769 -241162, 4284, 4286, 4.060296
256, 100.0000 | 0.5147208 -241163, 4285, 4286, 5.488082
287, 100.0000 , 0.6080962 END
288, 100.0000 , 0.3348427 5CD zsgig;Eng03232oE—oz
289, 100.0000 , 0.6699428 ARLICA=O . 1000000F—02
290, 100.0000 , 0.5152241 HLOOP=5000
291, 100.0000 , 0.6091574 OUTPUT=5 . 000000
292, 100.0000 , 0.3342964 TIMEND=5500.000
293, 100.0000 , 0.6840760 DTIMEI=S.000000
294, 100.0000 , 0.5147811 ERVCON=9. 310000
zas5, 100.0000 , 0.6080990 STEME=0.5670000E-11
z96, 100.0000 , 0.334g427 TMPZRO=0. 000000
298, 100.0000 , 0.5141553 END
zas, 100.0000 , 0.6089281 BCD 3ARRAY DATA
300, 100.0000 » 0.3351700 . arrays from finite element model functions
305, 100.0000 , 0.6837753 10 &
306, 100.0000 , 0.5147801 0.000000 . 181.6800 . 60.00000 . 181.6800
307, 100.0000 r  D.802096% 120.0000 . 181.6800 . 120.0000 . 181.6800
308, 100.0000 , 0.3346436 240.0000 . 181.6800 . 300.0000 . 181. 6800
308, 100.0000 , 0.6655433 360.0000 . 181.6800 . 420.0000 . 181.6800
310, 100.0000 , 0.5152220 480.0000 . 181.6800 . 540.0000 . 181.6800
311, 100.0000 , 0.6091556 €00.0000 . 181.6800 . EE0.0000 . 181. 6800
31z, 100.0000 , 0.334z97z2 720.0000 , 181.6800 . TE0.0000 , 181.6800
313, 100.0000 , 0.6840753 540.0000 . 181.6800 . a00. 0000 . 181.6800
314, 100.0000 , 0.5147810 960.0000 . 181.6800 . 1020.000 . 181.6800
315, 100.0000 , 0.6080971 1080.000 . 181.6800 . 1136.000 . 181. 6800
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