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T H E  EFFECT OF BULK DENSITY AND PARTICLE SHAPE ON THE T H E R M A L  
CONDUCTIVITY OF PARTICULATE MATERIALS UNDER MARTIAN ATMOSPHERIC 
PRESSURES M.A. Presley (NASA Ames Research Center, Mail Stop 239-14, Mofett 
Field, CA 94035) and P.R. Christensen (Dept. of Geology, Arizona State University, 
Tempe AZ 85287) 

Overview: New measurements of the effect of particle shape and bulk density on the 
thermal conductivity of particulate materials under martian atmospheric pressures are presented 
and discussed. An increase in bulk density increases the thermal conductivity, and this effect 
increases with increasing atmospheric pressure. A quantitative relationship between thermal 
conductivity and bulk density is established for 25-30 prn size particles at the mean martian 
atmospheric pressure of 6 torr. 

Introduction: Previous experiments [I] have shown that within the range of 
atmospheric pressures encountered on the martian surface (1-8 torr), the thermal conductivity of 

I particulate materials is empirically related to the particle size of the material and the atmospheric 
pressure by: 

where K is the thermal conductivity in W/m K, P is pressure in tom, d is the particle diameter in 
m2, and C and K are constants. Equation 1 can be used to estimate the particle size of surficial 
units on Mars using thermal inertia determinations from the Mariner 9 Infrared Radiometer, the 
Viking Infrared Thermal Mapper, and the Mars Global Surveyor Thermal Emission 
Spectrometer [1,2]. These particle size estimates can then be used to characterize the surficial 
units and infer their nature and possible origin, as several studies have done with previous 
estimates [e.g., 3,431. 

Particle size and atmospheric pressure are not the only parameters that can affect the 
thermal conductivity of surface deposits under martian conditions, however. The transfer of 
thermal energy due to collisions of gas molecules is the predominant mechanism of thermal 
conduction in porous systems not under vacuum [6]. At martian surface pressures the mean 
free path of the gas molecules is greater than the effective distance over which conduction takes 
place between the particles, which is approximately one-sixth the particle diameter [7]. Gas 
molecules are more likely to collide with the solid particles than they are with each other. The 
average heat transfer distance between particles, which is related to pore size and shape, thus 
determines how fast heat will flow through a particulate material [8]. In addition to particle size, 
particle shape, bulk density, and bimodal or polymodal mixtures of different particle sizes, will 
also affect the average heat transfer distance between particles, and therefore the thermal 
conductivity of the deposit. No comprehensive studies have previously been carried out at 
martian pressures to determine how these other parameters affect thermal conductivity. 

Experimental: To address this limitation, a line-heat source apparatus [1,9,10] was 
used for a preliminary investigation of these parameters. In this first abstract, the effects of 
density and particle shape are discussed. To examine the effect of density, samples were 
prepared [lo] with the same particle size (25-30 p n  in diameter) and shape (spherical), but two 
different bulk densities (1400 and 1600 kg/m3, respectively). To examine the effect of particle 
shape, samples were prepared [lo] that had the same particle size (25-30 pm), but two different 
particle shapes. One sample was made up of spherical glass beads, and the other of crushed 
quartz. 

Results: For 25-30 pm glass beads, the lower bulk density sample (1400 kg/m3) has 
consistently lower thermal conductivity values than those of the higher bulk density sample 
(1600 kg/m3) over a range of atmospheric pressures, from 0.5 torr to 100 torr. The reduction 
in thermal conductivity varies from 0.1- 15%, with an average of -8%. 
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The thermal conductivities of 25-30 pm crushed quartz (730 kg/m3) are consistently 
lower than the those of 25-30 pm glass beads (1400 kg/m3) over the same range of atmospheric 
pressures. The thermal conductivities of the crushed quartz are also consistently lower than 
those of 15.6-20 pm glass beads (1200 kg/m3). The angular shape of the grains leads to more 
spacious packing as indicated by the bulk densities of the samples. The lower bulk density of 
the quartz sample is probably the dominant factor when comparing the 25-30 pm and the 
15.6-20 pm glass beads. However, the bulk density of the crushed quartz is also lower than 
that of 11-15.6 pm (900 kg/m3) glass beads, and yet the thermal conductivities of the quartz are 
nearly the same as those of the 11-15.6 pm glass beads, within experimental error [lo]. 

These examples imply that particle shape affects the thermal conductivity primarily 
through variations in bulk density, and that significant differences in bulk density do affect the 
thermal conductivity. From these data a reduction in bulk density by nearly 50% will reduce the 
thermal conductivity by 16+ 5%. Yet, the lower bulk density of the 25-30 pm crushed quartz 
compared to that of the 11-15.6 pm glass beads, indicates that the actual size of the particle is 
still a significant factor. 

These results are expected. A significant increase in density will lower the pore size of 
the sample, and the thermal conductivity will consequently be lower. Larger particles will have 
larger pore sizes, for similar packing, than smaller particles, and the thermal conductivity will 
consequently be higher for the larger particles. These effects on pore size would necessarily 
compete. 

If the thermal conductivities of the crushed quartz sample are compared with the thermal 
conductivities of the glass beads with the same particle size as the quartz, but with different bullz 
densities, then a quantitative relationship between thermal conductivity and density may be 
derived. Such a comparison at three different pressures demonstrates a nearly linear 
relationship of the thermal conductivity with density. For 25-30 pm particles, at an average 
martian pressure of 6 torr, this relationship is: 

where K is the thermal conductivity in Wlm K, and p is the density of the sample in kg/m3. 
More data are obviously needed to confirm this trend. 

The reduction in thermal conductivity with a reduction in density increases with 
increasing pressure. A decrease in density decreases the thermal conductivity by decreasing the 
mass heat transfer due to the decrease in the number of particles within a given volume, but 
increases the thermal conductivity due to the larger pore space. An increase in pressure 
increases the effect of the larger pore space. 

Summary: An increase in bulk density increases the thermal conductivity, and this 
effect increases with increasing pressure. These results have important implications for the 
interpretation of thermal data for Mars. The effects of density on thermal conductivity may 
facilitate the characterization of the particle shape, which can provide clues to the genesis of the 
deposit, and may assist in distinguishing deposits that have been buried, compacted, and 
exhumed, from relatively fresh deposits that have not been previously buried. Additional data 
to confirm the observed trends are necessary. 
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