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Introduction: Recently it has been demonstrated that the rate 

and preferred direction of radial transport in viscous protoplane-
tary disks would be strong functions of height above the disk 
midplane [1].  In particular, rapid inward movement of material 
occurs along the surfaces of the disk, while outward transport 
would preferentially occur around the midplane of the nebula.  
Such transport offers a way of explaining the presence of high-
temperature materials in comets as found by Stardust [1,2]. 

Previous Work: Previously, 2D models of transport in pro-
toplanetary disk defined a thermal structure for the disk that was 
a single power law with respect to the distance from the star 
[1,3,4].  The two-dimensional flow structure of the disk was then 
calculated based on this thermal structure.  In reality, the tem-
perature in the inner regions of an evolving disk will largely be 
controlled by accretional heating associated with mass transport, 
where the temperature will vary with radius as ~r-3/4.  Further out 
in the disk, the thermal structure is controlled by the disks ability 
to reprocess radiation from its central star (irradiation), where the 
temperature will vary with radius as ~r-1/2.  As a result, the flows 
within the disk will vary with location and differ from those that 
assume a single power law structure of the disk. 

This Study: I have improved the two-dimensional transport 
model used in [1] to examine more realistic disk structures.  The 
disk still assumes a steady-state configuration, and calculates the 
thermal structure accounting for heating by both accretion and 
irradiation.  The surface density of the disk is also calculated 
self-consistently.   

As a result of the variations in thermal structure, the outward 
flow around the midplane in the inner disk occupies a smaller 
volume than in the outer disk (outward transport region does not 
extend as high relative to the local scale height of the disk).  
There is also greater velocity gradients in the inner disk with the 
outward flow around the midplane and inward flow along the 
surface of the disk being more rapid than found in the outer disk.   

I am currently investigating the impact that this has on the 
outward transport of materials such as crystalline grains and 
CAIs.  While significant outward transport still occurs, the verti-
cal gradients found in  [1] are greater in the inner disk than in the 
outer disk.  Next I plan to investigate the role that opacity 
changes, associated with the evaporation of silicates at high tem-
peratures or the condensation of water ice, has on the flow struc-
ture.  This may serve to alter the thermal structure of the disk 
[e.g. 5], resulting in sharp changes in flow structure. 
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