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RCS modelling - a brave new frontier
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ROSETTAROSETTA
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ROSETTA Schedule

● STM Test - March/April 2000
● PFM Test - November/December 2001
● Launch - January 2003
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Defining the Task

● Long periods of hibernation at 5.25AU means that a low power and
autonomous design are required

● Need to calculate the heater power required to prevent any operating lines
within the propulsion system from freezing.

● Purpose of Modelling
- Power budget refinement
- Heater procurement
- Thermostat placement
- Design of the passive TCS - MLI, tapes etc
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ROSETTA Propulsion System 1
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ROSETTA Propulsion System 2

● Pipe Support Brackets

Type 1 Type 2 Type 3 Type 4

Type 15

Type 6 Type 7 Type 8 Type 9

Type 12 Type 13 Type 14

Type 16 Type 17 Type 18

Type 10

Type 11

Type 5

Type 19
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The Solution

CONSIDERATIONS:

● The key is to allow FLEXIBILITY
-  FM design is complex
-  Design typically evolves through a series of many changes

● Ability to perform design studies / trade-offs
- Should be easy to make global changes to parameters
- Should be easy to make local changes to parameters
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The Model Generation Sequence

Identify lines
to be heated

Generate
spreadsheet

representing pipe
network

Calculate all
Conductances/REFs

Add to constants
table in TCL script

Run TCL script to
generate ESATAN

Run ESATAN and
assess output
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Input Spreadsheet

Number Node Node Node Code Label Node Code Code Code
39 95197 99197 75041 B MMHWetLine 97039 3 1 1

95198 99198 75041 A MMHWetLine 3 1 1
95199 99199 75041 A MMHWetLine 3 1 1
95200 99200 75041 A MMHWetLine 3 1 1

40 95201 99201 80013 E MMHWetLine 97040 3 1 1
95202 99202 80013 A MMHWetLine 3 1 1
95203 99203 80013 A MMHWetLine 3 1 1

41 95204 99204 80013 B MMHWetLine 97041 3 1 1
95205 99205 80013 A MMHWetLine 3 1 1
95206 99206 80013 D2 TANK-MMHLOWEREND 3 1 1
95211 99211 80021 D2 PRESSURANTTANK 3 1 0
95212 99212 6039 A GasLine 3 2 0
95213 99213 6039 A GasLine 3 2 0

42 95214 99214 6039 B GasLine 97042 3 2 0
95215 99215 6039 A GasLine 3 2 0
95216 99216 6039 A GasLine 3 2 0
95217 99217 6039 A GasLine 3 2 0
95218 99218 6039 A GasLine 3 2 0

43 95219 99219 6039 B GasLine 97043 3 2 0
95220 99220 6039 A GasLine 3 2 0
95221 99221 6039 A GasLine 3 2 0
95222 99222 6039 A GasLine 3 2 0
95223 99223 6039 A GasLine 3 2 0

44 95224 99224 45003 B GasLine 97044 3 2 0
95225 99225 45003 A GasLine 3 2 0

© Astrium12
14th European Workshop on Thermal and ECLS Software
ESA ESTEC 7-8 November 2000

TCL Script

# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
#  C a lc u la te d  G L s  e tc  (n o te  G L , G R  fo r  M L I  =  2 .2 5 * te s t re s u lts )  #
#             * * *  M a k e  a ll c h a n g e s  h e r e  !  * * *                    #
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
# * * * * *
s e t K _ th r u s te r  0 .0 0 0 0 2 5 8 D 0
s e t K _ F D V  0 .0 0 1 D 0
s e t K _ ta n k  0 .0 6 8 D 0
s e t K _ fre e  0 .0 D 0
s e t K _ p ip e _ to _ p ip e  0 .1 5 3
s e t K _ p ip e _ b r k tB  0 .0 0 1 3 2 D 0
s e t K _ b r k tB _ p a n e l 0 .0 0 1 4 4 3 D 0
s e t K _ p ip e _ b r k tC  0 .0 0 0 8 4 2 7 D 0
s e t K _ b r k tC _ p a n e l 0 .0 0 0 7 3 9 4 D 0
s e t K _ p ip e _ b r k tE  0 .0 0 0 1 8 0 5 D 0
s e t K _ b r k tE _ p a n e l 0 .0 0 0 1 1 D 0
s e t G L _ R C S M L I 0 .0 1 8 6 7 5 D 0
s e t G R _ R C S M L I 0 .0 0 9 D 0
s e t g a s p ip e _ to _ c o m p m t 6 .7 6 5 D - 5
s e t f u e lp ip e _ to _ c o m p m t 6 .7 6 5 D - 5
s e t d o u b le p ip e _ to _ c o m p m t  8 .8 3 5 D - 5
s e t g a s p ip e _ to _ p a n e l 2 .7 7 5 D - 5
s e t f u e lp ip e _ to _ p a n e l 2 .7 7 5 D - 5
s e t d o u b le p ip e _ to _ p a n e l 3 .6 4 3 D - 5
# * * * * *
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

#  B o u n d a r y  T e m p e r a tu r e s  -  a v e r a g e  fo r  c o m p a r tm e n t

s e t B 1 0 1  " -1 .7 4 D 0 "
s e t B 1 0 2  " -2 .9 5 D 0 "
s e t B 1 0 3  " -1 .9 4 D 0 "
s e t B 1 0 4  " -3 .2 8 D 0 "
s e t T _ th ru s te r  1 0 .0 D 0

#  N o d e  s u r fa c e  a r e a s  a n d  n u m b e r  o f  n o d e s  p e r  h e a te r  ( w h e n  s p ira lly -w o u n d )
#  a n d  C H N G Q R  c o n t ro l  v a r ia b le

s e t s in g le p ip e  0 .0 0 0 9 9 7 5 D 0
s e t d o u b le p ip e  0 .0 0 1 8 9 5 D 0
s e t f u e lp ip e  0 .0 0 1 4 9 6 D 0
s e t s in g le M L I 0 .0 0 2 9 3 4 D 0
s e t d o u b le M L I 0 .0 0 2 3 5 6 D 0
s e t ta l lt yp e  0 .0 0 5 9 4 5 D 0
s e t to p h a t 0 .0 0 1 4 0 1 5 D 0
s e t n o d e s _ p e r _ h tr  8
s e t c tr l_ v a r  0 .0 0 0 1 D 0



7

© Astrium13
14th European Workshop on Thermal and ECLS Software
ESA ESTEC 7-8 November 2000

Interfacing

● The windows environment allows
various reporting

- which lines are heated
- the values of all GLs & GRs currently

used
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TCL Output
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Advantages of TCL Model Generator

● By changing values at top of file, you can:
- Change heater length

- This helps the physical implementation of the model
- Change thermostat set points

- Again, helps match the hardware

● By changing codes in the spreadsheet, you can:
- Change types/numbers of brackets
- Add equipment such as valves
- Change which lines are heated and which are not
- Add / delete sections of pipe
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Summary

● Because design is represented by spreadsheet
- User friendly
- Can cater for a continually evolving RCS network design

● With the TCL model generator
- Can change parameters such as conductance easily
- Can produce a new model quickly and look at design drivers
- Can vary heater lengths so hardware definition is simplified


