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Science	
  ques;ons	
  
•  What	
  is	
  Titan's	
  climate?	
  

•  What	
  governs	
  the	
  hydrologic	
  cycle	
  on	
  Titan	
  

•  What	
  is	
  the	
  nature	
  of	
  the	
  hydrologic	
  cycle	
  and	
  what	
  are	
  the	
  material	
  
fluxes?	
  

•  What	
  controls	
  the	
  energy	
  budget	
  to	
  different	
  regions	
  of	
  the	
  atmosphere?	
  
•  Microphysics	
  

–  Nucleate	
  aerosols	
  
–  Growth	
  by	
  condensa;on	
  and	
  reac;on	
  
–  Ac;va;on	
  to	
  form	
  cloud	
  droplets/par;cles	
  

–  Mul;ple	
  condensate	
  materials	
  -­‐-­‐-­‐	
  mul;ple	
  types	
  of	
  clouds	
  
–  Mixed	
  solu;on	
  clouds	
  

–  Complex	
  phase	
  behavior	
  

–  Relevant	
  par;cle	
  sizes	
  may	
  differ	
  substan;ally	
  from	
  water	
  clouds	
  on	
  
earth	
  

•  Terminal	
  seMling	
  velocity	
  

•  Ac;va;on	
  behavior	
  –	
  Kohler	
  model	
  for	
  cloud	
  droplet	
  ac;va;on	
  of	
  organic	
  
vapors	
  

•  Op;cal	
  proper;es	
  



Focus	
  on	
  microphysical	
  
characteriza;on	
  

•  Aerosols	
  
– Size	
  distribu;on	
  
– Number	
  concentra;on	
  
– Ac;va;on	
  behavior	
  

•  Cloud	
  microphysics	
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  par;cle	
  light	
  
scaMering	
  for	
  
determina;on	
  of	
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  size	
  

•  Measure	
  scaMered	
  
light	
  from	
  
individual	
  par;cles	
  

•  Strong	
  influence	
  
of	
  refrac;ve	
  index	
  

•  Strong	
  influence	
  
of	
  par;cles	
  
morphology	
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Differen;al	
  Mobility	
  Analysis	
  

Air	
  Sample	
   Aerosol	
  Charger/
Neutralizer	
  

(Atmospheric	
  Pressure	
  
Chemical	
  Ioniza5on)	
  

Sheath	
  Air	
  
Qsh~	
  10	
  Qa	
  

Volumetric	
  
flow	
  rate	
  Qs	
  

Exhaust	
  
Qex=Qsh	
  

Differen;al	
  Mobility	
  
Analyzer	
  	
  
DMA	
  

(Aerodynamic	
  Analog	
  
of	
  Sector	
  Mass	
  
Spectrometer)	
  

E	
  

Fe=eE	
  

Detector	
  
CPC	
  or	
  electrometer	
  

Qa=Qs	
  

Steady	
  
or	
  
Scanned	
  
Voltage	
  



Boy	
  and	
  Kulmala	
  (2002).	
  Atmos.	
  Chem.	
  Phys.	
  2:1-­‐16.	
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DMA	
  Resolu;on	
  

Flow	
  ra;o	
  
dominates	
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 !=0.01
 !=0.001
 !=0.01
 !=0.1

 
CYLINDRICAL DMA 

!=0.01, 0.1
 
CROSS FLOW MOBILITY CLASSIFIER

 !=0.001
 !=0.01
 !=0.1

 
 

OPPOSED	
  MIGRATION	
  AEROSOL	
  CLASSIFIER	
  

Flagan,	
  RC.	
  2004.	
  Opposed	
  Migra;on	
  Aerosol	
  Classifier	
  (OMAC).	
  AEROSOL	
  SCIENCE	
  AND	
  TECHNOLOGY	
  38	
  (9):	
  890-­‐899.	
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Detec;on	
  •  Electrometer	
  
–  Femtoamp	
  to	
  aMoamp	
  
sensi;vity	
  required	
  without	
  
use	
  of	
  electron	
  mul;pliers	
  

•  Condensa;on	
  par;cle	
  counter	
  
–  Introduce	
  vapor	
  into	
  aerosol	
  
sample	
  to	
  produce	
  
supersatura;on	
  

–  Condense	
  vapor	
  onto	
  
par;cles	
  to	
  grow	
  to	
  op;cally	
  
detectable	
  size	
  (>1µm)	
  

–  Count	
  op;cally	
  
–  Commercial	
  detectors	
  see	
  
par;cles	
  with	
  Dp>2.5µm	
  



Streamwise	
  gradient	
  cloud	
  
condensa;on	
  nucleus	
  
counter/spectrometer	
  

•  Water	
  vapor	
  diffuses	
  faster	
  in	
  
air	
  than	
  heat	
  	
  

•  Wet	
  wall	
  condenser	
  with	
  
temperature	
  increasing	
  along	
  
length	
  produces	
  
supersatura;on	
  

•  Same	
  approach	
  should	
  work	
  
for	
  methane	
  

•  Extract	
  working	
  fluid	
  from	
  
atmosphere	
  

Nenes	
  et	
  al.	
  (2005)	
  Aerosol	
  Sci.	
  Technol.	
  39:	
  206-­‐221	
  



Nenes	
  et	
  al.	
  (2005)	
  Aerosol	
  Sci.	
  Technol.	
  39:	
  206-­‐221	
  



Hering	
  et	
  al.	
  (2005)	
  Aerosol	
  Sci.	
  Technol.	
  39:695-­‐672.	
  



Par;cle	
  into	
  liquid	
  
sampler	
  (PILS)	
  

•  Condense	
  
vapor	
  onto	
  
par;cles	
  to	
  
grow	
  to	
  
iner;ally	
  
collectable	
  
size	
  

Weber	
  et	
  al.	
  Aerosol	
  Sci.	
  Technol.	
  35:	
  718	
  
(2001).	
  



•  Dry	
  collec;on	
  of	
  aerodynamically	
  
sized	
  large	
  par;cles	
  

•  Thermal	
  desorp;on	
  for	
  on-­‐line	
  
analysis	
  

•  Grow	
  smallest	
  par;cles	
  by	
  
condensa;on	
  to	
  facilitate	
  
collec;on	
  and	
  analysis	
  

Condensa;on	
  Ac;va;on	
  for	
  
On-­‐Line	
  Size-­‐Resolved	
  

Analysis	
  

Stolzenburg	
  et	
  al.	
  (2003)	
  Aerosol	
  Sci.	
  Technol.	
  37:537-­‐546,	
  


