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A Mobile Geochemical and 

Environmental Laboratory 

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

• 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
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Spirit & Opportunity
2003

Sojourner
1996 Curiosity 2011
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The data/information contained herein has been reviewed and approved for release by JPL Export 

Administration on the basis that this document contains no export-controlled information.

Launch Year

MROMRO

Mars Express

(ESA)

Mars Express

(ESA)

OdysseyOdyssey

MERMER

2016 2018 2020 & Beyond20132011

NASA/ESA 

Rover

NASA/ESA 

Rover

PhoenixPhoenix Mars Science LabMars Science Lab

Mars Sample 

Return

Mars Sample 

Return

2000 to Present

MAVENMAVEN

MERMER

Recent missions have discovered that Mars’ surface reveals a diverse and dynamic 

history, including evidence for sustained interactions with liquid water.

By studying a potentially habitable, ancient environment, MSL is a bridge to future 

missions that focus on life detection or returning samples.

TGO

(ESA-NASA)

TGO

(ESA-NASA) �9�,?�"��

A

A
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Neptune/Triton 
Orbiter/Probes

Europa Astrobiology 
Laboratory

Europa

Enceladus

Titan

Venus Explorer

Water, organics, and prebiotic chemistry…
the evolution of habitable environments
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JSO
MSR
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RPS Heat Rejection
to Space at 150 oC

Parachutes (2)

Montgolfiere Envelope RPS
+

Rad

Gondola

Heat Shield

Antenna

��	
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Montgolfiere Balloon Entry Vehicle

RPS-Heated Balloon with
Tethered Surface Sampler

A packed balloon heated by RPS waste heat would be packaged in an entry vehicle, filled with 
cold ambient nitrogen gas, and could be controlled to float at any altitude between the Titan 
surface and about 10-km altitude.  
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Insulation Testing in 
Venus Chamber

Acceleration Testing 
of Insulation

Life Testing of Energy 
Storage Materials
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•Cielo is a general-purpose finite element-based code for advanced thermal, 
structural and optical aberration analysis.

•Replaces traditional “STOP” (Structural, Thermal, 
Optical) analysis with a truly integrated system-level 
capability

•Highly configurable to project needs
•Motivated by extreme challenges in precision 
deployable structure analysis and design.

•Cielo consists of a MATLAB-hosted client and a parallel 
compute server.

• Performance limited only by parallel hardware availability.
Occulter Common Model

Temperature Distribution

Thermal Deformation

Coronagraph 
Common Model

Thermal Deformation 
of the Primary Mirror
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• Test article: 5m aperture 
NGAS AstroMesh 
reflector

• Thermal disturbance:  
1.25 Suns on half the 
reflector

• Deformation 
measurement technique:
– Photogrammetry camera 

system mounted on a 
cart/track system

• Achieved a resolution of 
~30 microns over the 5m 
reflector aperture

5m mesh reflector

LN2 chamber shroud

collimated solar allowed 
over half the mesh

Photogrammetry 
system track

July 18, 2011
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• Thermal technologies for affordable Space 
telescope costs
– Distortions can be fixed in space
– Set points can be changed in space
– Indirect heaters to stabilize the temperatures 
– Control mirror shape 

�
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Nanotip wick structure

Principal Investigator: Dr. Karl Yee
Co-Investigator: Eric Sunada
Co-Investigator: Dr. Gani Ganapathi

• Design features of JPL silicon heat pipe array
1) Case is constructed of high thermal 

conductivity silicon and is rib reinforced 
for wicking across sides and structural 
integrity.  CTE matched to electronic 
component case.  

2) Vapor chamber ~400 microns high.  
Total heat pipe thickness = 1.4mm

3) Nano-textured wick is etched from the 
silicon case is densely packed to enable 
large capillary forces.  Effective pore 
radius ~ 30 microns.

• Marginal performance to date possibly due to 
insufficient vapor chamber height

• Max operating temperature:  125 deg C
• Max heat load:  > 20W
• Max heat flux:  > 2.5W/cm2
• Effective thermal conductivity of 

assembly:  300 W/m-K 

Internal Rib Structure

For Planning & Discussion Purposes Only
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Supercritical operation 
permits:

1) taking advantage of latent and 
sensible heat, both in the two-
phase regime as well as in 
supercritical regime

2) reducing the required volume 
by taking advantage of the 
high compressibility

)������	�����
%��-��	�
�
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!����!

Supercritical Prototypes:  
5 kWh & 10kWh laboratory testing facility (500 °C)
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Gas-Gap Heat SwitchMIRI 6K heat switch
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(ZrNiHx)
 Gas-gap  

Actua tor Gap 0.75 mm 

Refrigerant  
Inle t/Outle t 

Sorbent bed 

Radia tor 

Heater 

Heater Body Bonded to 
Actuator

Single Piece Isolation Tube with 
mounting holes

Heater Brazed to End Cap 

GSE Holes

Isolation Valve

Adapter Plate
Tuning Resistor bonded 
into plate

VCR Fitting
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Harness MLI

Integrated Electronics 
Assembly (IEA)

Passive Cooler
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• Solution: Cryogenic heat pipe with thermal switching capability provided by a
secondary radiator thermally isolated from the primary radiator, a thermally
shunted liquid trap, and small liquid trap heater.
� During normal operation, the small liquid trap heater keeps the liquid trap warm

enough so that it is filled with vapor only thus the heat pipe is ON.
� During decontamination, the liquid trap heater is turned off and all the working

fluid migrates to the liquid trap turning the heat pipe OFF.

CCD
CAMERA

PR

THERMAL
STRAP

PR = Primary Radiator
SR = Secondary Radiator
LT = Liquid Trap
TS = Thermal Shunt

HT

C
O

N
D

EN
SE

R

CRYOGENIC HEAT PIPE

EV
A

P ADIABATIC SECTION

SR

THERMAL
ISOLATION

LT TS

SMALL
DIAMETER

TUBING

LIQUID
TRAP

HEATER



32

("�"�"	!�� ��	���	��*)�

7G�����
�����

For Planning & Discussion Purposes Only

/�
������	��(�� ��

����5����,@

�	����
5�@�����) �����

("�"�"	!�� ��	�



33

���	
+�)������	��������1�)�3

3 ��,�
�"���&��:$���$/'��
�
����
�
��(���
��:��
�(���	
���<:(�=�
�����������������
�����"�������
�#���� � ���>)G�7

3 '�	"��

�����
����������	�

��&�����������������
��������	���
�������������
	��������
�	�,����"���
��"�������	�������,�
,�


3 ������-��������
�
��������������
���

�"�-���
�
��	
��
�����"�

�&
����������
�""
�������

3 C���,����
�������������������.�����������
���������������	�&�
�����
���


��
����&���""
��������
"���(&�
����""
�������


/��"��������
���
�
��	@�����
�
��	��
���

�����������@������������&�!����
�
�
�������������	"��

����

�	&
��
��	���������������������-��	����������
"���

��-���������
���
��
"���@� ����"�"�
���������O����

�����������������
��������
����������
���
��������
��,����,����
���������@�����
������
��	"��

����

�	&
���
�����&
����&�!�������������@�C���&�(��(��&�������
�!��������������
��������������
�-�"��

���������������
����	�����
��	"��

����

�	&
�������������
�"
�����

�	&
���-��������(�!���������
������	���
����������������������0(����,�
@�������
��
������������	"���������
���	�-��	�<�����������=������
��<&
��=@

Using metal hydrides 
to provide 1 Watt of 
vibration free cooling 
at 20K
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Performance:
The performance of passive coolers is optimized for the specific 
application.  Operating temperatures and heat loads as well as 
orbit constraints are key drivers for the design.  Cryogenic multi-
staging is used to optimized the designs and produce higher 
heat lifts at the upper stages.  The M3 three-stage design 
without a Moon shade makes use of parabolic infrared 
reflectors to guard against the high Moon infrared heat loads at 
100km orbit altitude.  M3’s passive cooler on-orbit performance 
proved successful and this technology has been baselined for 
several future JPL instruments.

Description:
Multi-stage passive coolers are ideal for cooling instrument 
optical benches and detectors to near 120K in LEO orbits.  
These coolers require Earth shades to guard against Earth 
infrared heat loads.  Deployable Earth shades are typically 
required due to launch volume envelope constraints.  Two-stage 
cooler designs were developed to cool the AIRS and TES 
optical benches to near 150K and 170K, respectively.  A three-
stage passive cooler to cool the focal plane to 150K and optical 
bench to 170K was recently developed for JPL’s M3 instrument 
in a low altitude Lunar orbit.

Applications: Provides multi-stage cooling to spacescience
instruments
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Performance:
The AIRS class Oxford style cryocooler with flexure bearing technology have been used extensively 
and characterized at JPL.  Thermal performance characterization testing as well as exported vibration 
testing including EMI/EMC testing is performed on all flight coolers.  An extensive performance 
database exists at JPL.  The AIRS coolers provide cooling to a focal plane at 55K and have been 
operating in space without degradation for over 8 years.  The TES coolers cool the focal planes to 65K 
and have been operating in space without degradation for over 6 years.  This class of cooler 
technology has proven successful and is baselined for JPL’s next generation of spacescience
instruments.
Description:
Long-life single-stage mechanical pulse tube cryocoolers have been developed and used on cryogenic 
spacescience instruments requiring cooling down to 55K.  Pulse tube coolers have a long successful 
history of operation in space.  Pulse tube coolers were first selected at JPL in the early 90’s for 
development and were first flown on the AIRS instrument in 2002.  Pulse tube cooler technology 
continues development and significant gains in efficiency and reductions in mass and volume have 
been achieved.  Most recent designs show 2.5X mass reductions and specific power improvements in 
the order of 20-30% over the AIRS type cooler.

Applications: Provides single and multi-stage cooling to spacescience instruments
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Performance:
Performance characterization mapping of these coolers shows 
acceptable performance comparable to the long-life fully flight 
qualified machines.  To increase the life expectancy of these 
machines, the compressors are operated at near room 
temperature and with reduced heat loads in the 50% range of 
maximum capacity.  The low cost of these machines allows the 
implementation of redundant coolers, when practical, to increase 
the instrument operational lifetimes.  The small Ricor cooler has 
been extensively characterized at JPL and is fully flight qualified.

Description:
The need for single-stage coolers for flight instruments with 
lifetimes in the order of a few months to a few years has 
increased and has resulted in the flight qualification of low cost 
tactical coolers for these applications.  They offer acceptable 
thermodynamic performance at the expense of limited lifetimes 
due to mechanical wear.  Rotary and linear drive designs are 
available with commercial electronics.  Cooler exported vibration 
and EMI/EMC may be important issues which require special 
attention. 

Applications: Provides single-stage cooling to instruments. 
Sunpower Cooler on NGIS, CAO and NEON imaging 
Spectrometers, Thales Cooler on ARTEMIS, RICOR Cooler on 
MSL CheMin and MRO CRISM.
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Orbiting Carbon Observatory-2 (OCO-2): The mission will collect precise global 
measurements of carbon dioxide (CO2) in the Earth's atmosphere utilizing a single 
instrument with 3 high-resolution, grating spectrometers (0.765 �m O2 A-band, 1.61 �m 
“weak” CO2 band, and 2.06 �m “strong” CO2 band).
A single-stage High Efficiency Cooler (HEC) cools all three focal planes to 120K.  Variable 
conductance heat pipes are used to transport the cooler waste heat to the outboard radiators.
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Chemistry and Mineralogy (CheMin): CheMin is a mineralogy instrument, onboard 
MSL, that will identify and quantify the minerals present in rocks and soil delivered to 
it by the Sample Acquisition, Sample Processing and Handling (SA/SPaH) system.
The Ricor K508 rotary cooler provides cooling to CCD at 200K with a lifetime 
requirement of 1100hrs for surface operations.
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Ultra-Compact Imaging Spectrometer (UCIS):
State of the Art in imaging spectrometers with less 
than 6W input power and less than 3kg.  Smallest 
rotary cooler available from Ricor offers high 
efficiency with acceptable life (MTTF is 5,000hrs).
The Ricor K562 cooler is used to cool the focal plane 
to ~180K with lifetime requirement of ~6months.
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MaRSplus Sensor 
System (MSS):
Airborne imaging 
spectrometer with 
active cooling for focal 
plane and 
spectrometer.  Each 
instrument makes use 
of two Sunpower 
CryoTEL GT tactical 
cryocoolers liquid 
cooled with 
recirculating chiller.  
The focal plane is 
cooled to 145K and 
spectrometer to 130K.
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