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Introduction:  Terrestrial planets, sattelites, and 

asteroids are covered with regolith. Thermal behavior  
of the regolith is important for understanding the ther-
mal state and history of these bodies. Crustal heat flow 
is estimated by a product of thermal conductivity and 
temperature gradient of the surface regolith for infer-
ence of present thermal state [1]. The regolith layer 
behaves as heat insulating layer due to its low thermal 
conductivity, which affects their thermal evolution 
especially for small bodies [2]. Knowledge of the heat 
transfer mechanism in the powder materials is required 
to evaluate the thermal conductivity value of the sur-
face regolith.  

The thermal conductivity of powder materials un-
der vacuum consists of  two contributions: conduction 
within the solid particles and across interparticle con-
tacts (solid conductivity) and thermal radiation through 
void spaces between particle surfaces (named radiative 
conductivity). In general, the effective thermal conduc-
tivity is represented as the sum of these contributions; 
keff = ksolid + krad [3]. Each term should be measured 
and estimated individually in order to understand well 
the heat transfer mechanism and construct a model of 
the effective thermal conductivity. 

Watson [4] expressed the effective thermal conduc-
tivity as keff = A + BT3, where T is temperature, and A 
and B are constants independent of the temperature. 
The first term represents the solid conductivity and the 
second represents the radiative one. When the thermal 
conductivity is measured as a function of temperature, 
the solid and radiative coefficients A and B can be de-
temined by fitting the equation to experimental data. In 
this way, the effective thermal conductivity is devided 
into the solid and radiative conductivities. 

Watson [4] and Merrill [5] measured thermal con-
ductivity of several size of glass beads in several tem-
perature conditions. They investigated variation of the 
solid and radiative conductivities with particle size. As 
a result, they reported that the solid conductivity de-
creases and the radiative conductivity increases with 
the particle size. However, their samples had wide 
range of porosity, 27-53% in Watson’s glass beads and 
38-50% in Merrill’s ones, to which the thermal con-
ductivity is sensitive [6]. This makes rather big error in 
results. 

In this study, we investigated the thermal conduc-
tivity of several sizes of glass beads as a function of 
temperature with well-controlled constant porosity. In 
order to control the porosity to be contant, it is conven- 

Table 1: Glass beads samples. 
Particle Size (µm) Bulk Density (kg/m3) Porosity 

53-63 1450 0.42 
90-106 1450 0.42 

355-425 1450 0.42 
425-500 1480 0.40 

710-1000 1450 0.42 
 
ient to use a sample which consists of uniform spheres 
and has narrow size distribution. We used glass beads 
as a model material. The solid and radiative conductiv-
ities were estimated as a function of the particle size, 
independent of the porosity. 

Experiments:  We measured the thermal conduc-
tivity of glass beads of five sizes in 53 to 1000 µm 
(Table 1) with changing temperature under vacuum. 
All samples had almost the same porosity 42%.  

The thermal conductivity was measured by the line 
heat source method [7]. The sensor consists of a ni-
chrome line heater providing heat into the sample and 
a K-type thermocouple measuring temperature of the 
heater. The thermal conductivity is estimated from the 
temperature increase rate of the heater, as k = q/4πs, 
where k is the thermal conductivity of the medium, q is 
heat generation on the heater per unit length, and s is 
the slope of linear regime in the plot of temperature 
rise vs. natural logarithm of time after input of the 
power into the heater. The measurement error of the 
thermal conductivity was estimated to be less than 
10%. 

The sample was filled in a sample container with 
the sensor. The top surface of the sample was set at 1 
cm above the heater. The container was placed in a 
thermostatic vacuum chamber. The sample was evacu-
ated to 10−2 Pa. The temperature was controlled from -
25 to 50 degC by a step of 25 degrees.  

 

 
Figure 1: Experimental configuration. 
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Results and Discussions:  Figure 2 shows meas-
ured thermal conductivity as a function of the tempera-
ture. The thermal conductivity of all samples increased 
with the temperature. Assuming that the temperature 
dependence is caused only by the radiative contribu-
tion, the equation keff = A + BT3 was fitted to the ex-
perimental data (Figure 2), and the values of A and B 
were determined for each size of glass beads (Figure 3). 
The solid conductivities in our results were in 0.001 to 
0.003 W/mK. These were much higher than the results 
of Watson and Merrill, and slightly increased with the 
particle size. On the other hand, the radiative conduc-
tivity increased with the particle size and it is con-
sistent with the results of them. The larger particles 
form the broader void space, which makes the radiative 
conductivity higher according to the parallel slabs’ 
model [4]. 

Wechsler et al. [3] explained the decreasing feature 
of the solid conductivity with increasing particle size, 
in terms of the number of interparticle contacts per unit 
volume. However, thier explanation did not include the 
dependence of the conductance per one contact on the 
particle size. This effect is difficult to examine analyti-
cally, because the contact conductance is dependent on 
many unkown factors, such as microtexture of the par-
ticle surface, paking configuration, etc. In the specific 
case, as cubic array of the uniform spheres, the solid 
conductivity is independent of the particle size [8]. 
With appropriate parameters, this theoretical expres-
sion derives the solid conductivity of 0.0014 W/mK, 
consistent with our experimental results, which indi-
cates that the interpretation combining the number of  
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Figure 2: Thermal conductivity of glass beads as a 
function of temperature with vertical error bars of 10%. 
Five curves represents fitting results of the equation keff 
= A + BT3. 

contact per unit volume with the thermal conductance 
across the contact is required. 
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Figure 3: Solid conductivity A and radiative conductiv-
ity coefficient B as a function of the particle size (red 
points). For comparison, the results of Watson (1964) 
and Merrill (1969) are included [4, 5].  
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