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Introduction:  Meteors have been bombarding 

Earth throughout history with most being small and 
burning up in the atmosphere. A few are large enough 
to survive entry and cause notable damage, for exam-
ple flattened forest in Tunguska or injured people and 
property damage in Chelyabinsk, Russia [1,2]. Be-
tween ablation and other means most meteorites lose 
greater than 80% of their mass during entry [3]. 

Thermal properties are an important fundamental 
characteristic of the meteorites, an indicator of both 
their chemical and physical nature. The physical prop-
erties of the meteorites are needed to determine the 
likelihood of meteoroids survivability during atmos-
pheric entry. The Asteroid Threat Assessment Project 
(ATAP) has been set up to investigate the full risk and 
outcomes that near Earth asteroids pose to the planet.  
One of the tasks of this program is to study the physi-
cal properties of meteorites that pertain to how a mete-
or behaves during atmospheric entry. Ablation models 
require the input of emissivity [4,5,6]. The emissivity 
of a meteorite has direct input to the time it takes for 
the surface material to reach melt temperatures. 

Meteorites contain both high and low thermally 
conductive materials. For darkening material emissivi-
ty will increase as temperature increases until peak 
temperature is reached and then begins to decrease [7]. 
The metal components will slowly increase the emis-
sivity as temperature increases, while the non-metallic 
material’s emissivity will decrease. It has been deter-
mine for urelites that emissivity decreases as a function 
of temperature above 500K [7]. 

Experimental:  Thermal emissivity for the select-
ed meteorites has been measured over a broad wave-
length range of 8 to 14 µm from ~20°C up to 600°C. 
Emissivity values for up to atmospheric entry tempera-
tures are needed for modeling. For lower temperatures 
the emissivity is measured at 15°C increments, 50°C 
increments for intermediate temperatures, and 100°C 
increments at higher temperatures. For Sikhote-Alin 
emissivity is measured at temperatures up to 1000°C to 
cover both phase transitions of kamacite. Emissivity is 
measured by dual laser infrared thermometers with 
accuracy 1% of measured temperature +1°C. With the 
infrared temperature gun set to an emissivity of 1, the 
temperature of both the sample and a black body are 
measured. In these experiments the black body is a 
titanium cube coated in carbon black high temperature 

paint. The ratio of the meteorite temperature to the 
blackbody temperature is calculated as the emissivity.  

Surface temperature simulations are performed 
with the Icarus material response solver, which is a 
fully implicit, parallel finite volume code, and a one-
dimensional grid that represents the stagnation point on 
the surface of a large meteoroid. The surface is treated 
with an aerothermal boundary condition using the typi-
cal assumption of radiative equilibrium (i.e., emissivity 
is equal to absorptivity). Simulations of both iron me-
teoroids and ordinary chondrites are performed. The 
physical properties of meteoric iron and ordinary 
chondrites were approximated to be similar to those of 
pure iron [8] and an H5 chondrites examined by abla-
tion experiments, [9] respectively. The accuracy of the 
emissivity from these datasets, which are referred to as 
heritage datasets, is a central question for meteor entry, 
where radiation is the primary means of heat transfer. 

Results:  All meteorites analyzed in this study have 
higher emissivities at 20°C compared to analog materi-
al. The average emissivity of ordinary chondrite falls 
and Antarctic meteorites at 20°C is 0.988±0.008. Other 
meteorite classes have similar emissivities at 20°C, as 
seen in Figure 1. 

 
Figure 1. (A) Thermal emissivity profiles for stony 
meteorites. (B) Thermal emissivity profiles for iron 
meteorites. 
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Elevated temperatures cause a fluctuation in the 
emissivity of the different meteorite classes. As tem-
perature increases to 100°C the emissivity decreases 
then rebounds and stabilizes for the next 100° (Fig. 
1A). The rebound emissivity value for most of the 
chondrites is around half of the initial 100°C decrease. 
Lowest emissivity between 300-350°C, nearly all val-
ues below 0.90. Heated chondrites range in emissivity 
between 0.85-0.95. When comparing values between 
ordinary chondrite falls and Antarctic meteorites no 
notable differences are observed. Of the studied mete-
orite classes only the iron meteorites fallow a drastical-
ly different emissivity profile as a function of tempera-
ture. This different profile is caused by the phase tran-
sitions in kamacite as heated. This only applies to the 
lower boundary. As seen from figure 1B, the upper 
phase transition in kamacite around 600°C. 

Initial values of material temperature and radiative 
heat transfer rate are needed to perform material re-
sponse simulations of meteor entry. The temperature of 
meteors in space is strongly dependent on the solar 
radiation flux and their optical properties. Such inves-
tigations indicate that iron and stony meteoroids have 
temperatures of roughly 350 and 261 K, respectively. 
The aerothermodynamic environment of meteors dur-
ing entry has been examined on the basis of chemically 
reacting computational fluid dynamics coupled with 
radiation transport and surface ablation [10]. The ra-
diative heat flux for a 10 m meteor with a 20 km/s ve-
locity at 50 km was determined to be 7800 W/cm2. 

Material response simulations of surface heating 
during entry may be performed. To evaluate the influ-
ence of the temperature-dependent, solid optical prop-
erties on entry, the preheating stage of the meteor is 
evaluated (Fig. 2). The case of the iron meteorite (Fig. 
2A) compares simulations using heritage iron optical 
properties to those performed with the values measured 
in the present work. The heritage values result in the 
surface temperature reaching the melting point (near 
1800 K) within 0.2 s of entry. Use of the values meas-
ured in this work lead to the 2 time to melt being cut in 
half. The reduction in the time to melt is a result of the 
0.5 increase in emissivity of the Sikhote-Alin sample 
above 600 K. Such an increase does not occur for pure 
iron. A simulation also has been carried out for an or-
dinary chondrite (Fig. 2B). The ordinary chondrite 
surface temperature increases to the melting point 
(near 1800 K) within 0.02 s. The heritage optical prop-
erty dataset for ordinary chondrites is similar to that 
measured in the present work, exhibiting a maximum 
variation of roughly 0.1. Comparatively, the time to 
melt is slower in the iron meteor case due to higher 
thermal conductivity, which leads to the rapid transport 
of heat from the surface to the interior. The faster heat-
ing of the iron meteor surface is a result of the emissiv-

ity of meteoric iron being higher than that of pure iron 
at high temperatures and the establishment of radiative 
equilibrium at the surface.  

 
Figure 2. Material response modeling of the surface 
temperature of (A) an iron meteorite and (B) an H-
chondrite as a function of exposure time to the radia-
tion flux expected for a 10 m diameter specimen enter-
ing the atmosphere at 50 km. The profile is examined 
up to the approximate melting points of meteoritic ma-
terials (1800 K). 

Conclusion: Thermal emissivity is a uniform trend 
across both ordinary chondrite falls and Antarctic 
finds. The emissivity profile of stony meteorities as 
temperature increases is similar with only a slight dif-
ference around 600°C. As for iron meteorites have a 
different emissivity profile caused by the kamacite 
phase change. The lower emissivity at elevated tem-
peratures does affect the ablation rate by decreasing 
the time for the surface material to reach melt tempera-
ture. The most effected by this is the iron meteors, as 
seen in figure 2A, where the time to melt temperature 
is cut in half. The H chondrite meteoroids are less af-
fected with only a 0.02 second increase. 
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