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• MSL Rover  Curiosit y 
 

• Thermal Challenges on Surf ace 
 

• MSL Thermal Cont rol wit h MPFL 
– (Mechanically Pumped Fluid Loop) 

 

• Act ive Fluid Loop Technologies 
 

• Changes during Design Phase 
 

• HRS Fabr icat ion and I nt egrat ion 
 

• MSL Thermal t est s 
 

• Lessons Learned 
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Cur iosit y’s Capabilit ies 
A Mobile Geochemical and 
Environmental Laboratory 
 

• Ability to acquire and process dozens of 
rock and soil samples 

 

• Instruments that analyze samples for 
chemistry, mineralogy, and organics 

 

• Sensors to monitor water, weather, and 
natural high-energy radiation 

A Robotic Field Geologist 
 

• Long life, ability to traverse many 
miles over rocky terrain 

 

• Landscape and hand-lens imaging 
 

• Ability to survey composition of 
bedrock and regolith 



MSL Science Payload 
REMOTE SENSING 
Mastcam (MSSS) - Color and telephoto imaging, video, 
atmospheric opacity 
 

ChemCam (LANL/CNES) – Chemical composition; remote 
micro-imaging 

CONTACT INSTRUMENTS (ARM) 
 

MAHLI (MSSS) – Hand-lens color imaging 
 

APXS (Canada) - Chemical composition 

ANALYTICAL LABORATORY (ROVER BODY) 
 

SAM (GSFC/CNES) - Chemical and isotopic composition, 
including organics 
 

CheMin (ARC) - Mineralogy 

ENVIRONMENTAL CHARACTERIZATION 
 

MARDI (M. Malin, MSSS) - Descent imaging 
REMS (Spain) - Meteorology /  UV 
RAD (SwRI) - High-energy radiation 
DAN (Russia) - Subsurface hydrogen 

MAHLI 
APXS 
Brush 
Drill /  Sieves 
Scoop 

Rover Width: 
Height of Deck: 
Ground Clearance: 
Height of Mast: 

2.8 m 
1.1 m 
0.66 m 
2.2 m 

DAN 

REMS 

ChemCam 
Mastcam 

RAD 

MARDI 

SAM 
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MSL Spacecr af t  in Cr uise Phase 

Rover   t ucked  under   
t he Descent   St age 

MMRTG  on  t he 
rover   (2000  
W ) 

 
 

CRUI SE  STAGE 
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ROVER 

DESCENT 
STAGE 

HEAT  SHI ELD 

AEROSHELL 



Ther mal Cont r ol Challenges of  MSL Rover  

• Demanding  t her mal cont r ol  r equir ement s 
– Ext reme diurnal environment  (-129 C t o 40 C, f ull sun t o no sun ) 
– Large RPS wast e heat  (~2000 W) management  dur ing launch/ cr uise, sur f ace 
– Tight  t emperat ure requirement s of  Science I nst rument  
– Long lif e & Rover  mobilit y challenges (conf igurat ion, dust  et c) 

Environm e nta l Bounda ry Conditions 
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Rover  Family Por t r ait  – 
I nf usion of  Advanced Ther mal Technologies 

Spirit & Opportunity 
2003 

Sojourner 
1996 

Soj ourner   (1996),   12  
kg Aerogel,   Passive  TC 

Curiosity 2011 

MER  (2003),   180  kg 
Aerogel,   Heat   
Swit ch 

MSL  (2011),   ~900  kg 
MPFL  (CFC- 11  f luid) 
CO2  I nsulat ion 
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MSL Ther mal Cont r ol wit h MPFL 
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HRS Design Act ivit ies -  RHRS 
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MSL Focused Technology Development  

D  Pump  Lif e   Test ing:   20 C t o 120 C 
D  Long- t erm  Chemical  t est s: >100 C in CFC-11 
D  Thermal  valves  &  Mech.   Fit t ings:  Passive 

f low valves, OmniSaf e VCR j oint s, iner t ial 
welds, f lex t ubes 

D  Working  f luids:  
D   CFC-11, Galden HT-170 

 
 
 

Rover   Fluid  
Loop (~200  f t   
t ubes) 

 
 
 

Omnisaf e   
f it t ing (VCR  
St yle) 
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MSL Rover  RAMP Fabr icat ion 
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• 

RI PA/ RI PAS Design and Build 
 
 
 

RI PA 

RI PAS 
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CI PAS & CHRS Fab/ I nst all on S/ C 

CI PAS 

CI PAS I nst allat ion 
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• Sever al signif icant  changes had t o made in HRS design 
1. Change of  RAMP t u bing f r om smoot h t o f inned 
2. Flex lines in t he loop t o account  f or  r elat ive displacement  
3. Epoxy t her mal conduct ivit y lower  t han specif ied 
4. Adding of  secondar y t u bes f or  gr ound cooling 

Key Changes dur ing Design Phase 



• Several significant changes had to be made in the 
HRS design 
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HRS I nt egr at ion on t he Spacecr af t  
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Syst em Level Test ing of  CHRS/ RHRS 

Syst em  Thermal  Vac  Test  
(Cruise  Phase) 

Syst em  Thermal  Test  
(Sruf ace  Phase) 



• All t he pumps were t urned on in bot h CHRS (2+1) 
and RHRS (2 pumps) bef ore launch 

 
 
 
 

• Af t er  a f ew hours int o f light  only one pump is 
operat ing in each loop 

 
 
 
 

• The backup pumps in each loop were t urned on f or  
an hour every f our weeks f or  maint enance check 

 
 
 
 

• Bot h act ive loops are operat ing very smoot hly and 
as expect ed 
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HRS Oper at ion dur ing Launch/ Cr uise 



• Challenging missions r equir e “out -of -t he box” ideas and 
involve signif icant  r isks in meet ing t he f inal goals 

 
 

• St r ong commit ment s f r om t he t eam member s, f light  syst em 
manager s, and inst it ut ion ar e ver y impor t ant  

 
 

• Lar ge mar gins in design, schedule, and r esour ces ar e a must  
 
 

• Use simple quick exper iment s t o ver if y new design 
 
 

• Wor k closely wit h t he vendor s; allow suf f icient  schedule 
mar gins on vendor s’ ser vices 

 
 

• Team should be able t o t ackle unexpect ed pr oblems 
 
 

• Mult i-disciplined diver se t eam is a must  f or  such ef f or t  
 
 

• High mor ale, per sever ance, and t eam spir it  ar e key 
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Lessons f r om MSL HRS Exper ience 



Conclusions 
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• MSL rover ’s many challenging t hermal r equir ement s 
during it s surf ace operat ion could be met  wit h MPFL 

 
 
 
 

• Several advanced MPFL t hermal t echnologies were 
developed in order  t o ensure a r obust  t hermal 
cont rol syst em f or  t he rover  operat ion 

 
 
 
 

• MSL Rover  MPFL based t hermal ar chit ect ure will 
pave way f or  it s usage on f uture NASA missions, 
Commercial sat ellit es, and milit ar y missions 
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MSL Rover  Ther mal Team 



2 3 RD Th er ma l  & F l u id s 
A n a l ys is  W o r k sh o p (TFAW S) 

Promoting Exc ellenc e in all Aspec ts of Design, Analysis, Build,  and Test 
August 13-17, 2012 •  Westin Pasadena Hotel •  Pasadena, CA 

 
 

Purpose: to encourage knowledge sharing, professional development, and 
networking throughout the thermal and f luids engineering community within NASA 
and the aerospace industry at large. 

Program Inc ludes 
• Paper sessions 
• Hands-on software training 
• Technical short courses 
• Hardware demonstrations 
• Tours of NASA JPL 
• Banquet & guest speakers 

Audience 
• Industry 
• Government 
• Educators 
• Students 
• International guests welcome!  

Topics 
• Ac tive thermal/ life support 
• Passive thermal 
• Aerothermal 
• Interdisc iplinary thermal/ f luids 

Hosted by NASA Jet Propulsion Laboratory (JPL) 
Registration is free, sponsored by NASA Engineering and Safety Center 
(NESC) 
More information at http: / / tfaws.nasa.gov/ TFAWS12/  Abstrac ts due: May 
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