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Abstract-This paper reports the first systematic study of the spectral radiation heat transfer through the 
ultra-fine powder insulation Aerosil 380. Experimental results are obtained for the spectral extinction 
coefficient from infra-red transmission measurements and for the effective thermal conductivity using a 
guarded-hot-plate apparatus. These results are compared and assessed with relevant theoretical calcu- 
lations. In comparison to total effective conductivity experiments in the temperature range of 32&400 K, 
radiation heat transfer accounted for approximately 10% of the total heat leakage through the insulation, 
with the remaining by gaseous conduction. At high temperatures, the radiation contribution is expected 

to increase sharply, reaching over 50% at about 1000 K. 

1. INTRODUCTION 

THERMAL insulation has long been a subject of fun- 
damental importance due to its wide application in 
engineering systems. Several modes of heat transfer 
in typical porous insulation systems, primarily solid- 
solid conduction between the particles or fibers, gase- 
ous conduction and conv~tion through the pores of 
the materials, and radiative transfer through the 
material, must be minimized in order to attain good 
thermal performance. Heat transfer through a variety 
of insulation materials and insulating conditions has 
been studied extensively in the past. Several review 
articles on heat transfer in thermal insulation have 
been reported [l-3]. 

One of the new concepts which has been advanced 
recently for thermal insulations involves reducing the 
gaseous conduction contribution in powdered insu- 
lations by utilizing ultra-fine particles with diameters 
of the order of 100 A [4, 51. Indeed, a study of con- 
solidated ultra-fine powder insulations in the form 
of rigid SiO,aerogel tiles for double-pane window 
applications has been reported [6]. In these 
insulations, gas conduction can be reduced greatly if 
the pore size between the solid particles is less than 
the mean free path of the gas, e.g. about 200 A for air 
at 300 K. The resulting effective thermal conductivity 
through the void spaces will be lower than that of 
still air, and the high performance of vacuum-assisted 
insulations can be achieved without evacuating the 
system. Natural convection in such a system can be 
neglected due to the small pore size [3]. The solid- 
solid conduction is also negligible if the solid volume 

fraction f, of a material consisting of roughly spheri- 
cal particles is less than approximately 0.10. The domi- 
nant heat transfer modes in ultra-fine powder insu- 
lations (UFPI) are gaseous conduction and thermal 
radiation. 

In this study, an Si02 ultra-fine powder called Aero- 
sil 380 f7] with particle diameters close to 70 A has 
been utilized. The goal is to determine the primary 
heat transfer mode in this system and to set up models 
for predicting the effective thermal conductivity of the 
material as a function of mean temperature and solid 
volume fraction. Experimentally, the transmission of 
thermal radiation through the material was measured 
to deduce the spectral extinction coefficient, and the 
effective thermal conductivity was measured with a 
guarded-hot-plate apparatus under various con- 
ditions of temperature, solid volume fraction, and 
internal radiative shields. 

2. THEORETICAL CONSIDERATION 

2. I. Radiative transport theory 
For a homogeneous planar system, the radiative 

heat transfer is one-dimensional and the spectral 
intensity of radiation 1, is governed by the equation 
of transfer, which may be expressed in the form 

1627 
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NOMENCLATURE 

d particle diameter [m] i wavelength [m] 

? 
solid particle volume fraction IL cos H 
intensity [W m ’ sr-‘1 CJ Stefan-Boltzmann constant. 

k imaginary part of the complex refractive 5.678x lO~‘Wn~‘K ’ 
index rJ‘, absorption coefficient [m ‘1 

K total effective thermal conductivity 
eR [Wm-‘Km’] 

Qe extinction coefficient [m ’ ] 
(;r, Rosseland mean extinction coefficient 

&! gas thermal conductivity [W mm ‘1 ]m ‘I 
K, apparent radiant thermal conductivity 0‘ scattering coefficient [m ‘1 

[W m ’ K ‘1 4 azimuthal angle of the slab [rad] 
L total thickness of insulation medium 0, scattering phase function 
In complex refractive index, n - ik n solid angle [sr]. 
n real part of the complex refractive index 
N conduction parameter Subscripts 

Y heat flux [W m -‘I 

Q efficiency ; 
absorption 
blackbody 

T plate temperature [K] D dependent scattering 
TT dimensionless temperature, T>/T, e extinction 

T, mean temperature, (T, + T,)/2 [K] g gas 
x particle size parameter, Ted/2 I independent scattering 

4 slab coordinate [ml. m mean 
r radiation 

Greek symbols S scattering 
E plate emissivity 1 wavelength 

0 polar angle of the plane parallel slab 1 hot plate 

badI 2 cold plate. 

In equation (l), p = cos 0, a,,(T) and a,,(T) are the 
absorption coefficient and the scattering coefficient, 

respectively, y the coordinate, 6 the polar angle, 4 the 
azimuthal angle, Z,,(T) the Planck blackbody 
intensity function, T the temperature, @ the scattering 
phase function, R the solid angle, and subscript i, and 
superscript ’ denote spectral quantity and in-coming, 
respectively. It is implicitly assumed in equation (1) 
that the participating medium is isotropic otherwise 
aan and asi would also be a function of direc- 
tion. For the case of a cold homogeneous medium, 
under the influence of a relatively strong but uni- 
directional beam of radiant energy, the emission terms 
and in-scattering terms are negligible and the solution 
is given by Beer’s law 

1, (Y) = 1). (0) exp ( - fl,,. Y) (2) 

where oei. = (o.,~ + o,J is the extinction coefficient. For 
the case of an optically thick medium where radiation 
can be treated as a diffusion process, the radiant heat 

transfer is simply [8] 

where K, is the apparent radiant thermal conductivity, 

the boundaries have temperatures T,, T, and emiss- 

ivities E ,, s2, respectively, and L is the distance between 
the boundaries. Note that the Rosseland mean extinc- 
tion coefficient 5, [8] for an optically thick medium is 
used instead of the spectral coefficient crCi. For mod- 
erate temperature differences less than 200 K [9], the 
apparent radiant thermal conductivity can be 
described by 

where T,,, is the arithmetic mean of the boundary 
temperatures. 

2.2. Radiative properties 
The radiative property of the powders, required for 

heat transfer calculations with the diffusion approxi- 
mation method, is the extinction coefficient cre. or 
alternatively, the absorption coefficient era combined 
with the scattering coefficient oF. By assuming inde- 
pendent scattering, these properties can be derived 
and computed by solving the Maxwell equations with 
appropriate boundary conditions and using measured 
optical constants. Rayleigh scattering theory can be 
used to calculate the absorption and scattering 
coefficients for UFPI for extremely small values of 
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the particle size parameter (x = rid/l CC 1) [lo]. The 
extinction coefficient for uniform-size powders with 
diameter d is [ 1 I] 

where Qal and Qsl are the absorption and scattering 
efficiencies, respectively. If the radiation interaction 
with each particle can be considered independently of 
its neighbors, then using Rayleigh scattering theory 
for a single spherical particle gives 

(6) 

where m = n - ik is the complex index of refraction, 
and the parameters n, k, x are all strong functions of 
wavelength. 

The assumption of independent scattering and 
absorption by the particles may not be valid for UFPI 
[9, 121, in which case the dependent coefficients can 
be estimated from the independent coefficients. Mak- 
ing use of the Percus-Yevick distribution [13, 141 in 
the limit of x approaching zero, the ratio of the depen- 
dent scattering efficiency Q,,, to the independent case 
efficiency Q,,,, is given by 

SAD _ t1 --fvj4 Q 

Q %!,I (1 +?f”)2’ 
Kunitomo et al. [15] experimentally showed the 

trend of a decrease in the scattering efficiency with 
increasing fV, and also indicated an increasing trend 
in the absorption efficiency such that 

& ~ & = (1 -fvj4 a*,, 

Q Q,,,, (l+2fv)2’ (9) 
t3l.D 

This trend is well supported for fV < 0.1 by the theor- 
etical results of ref. [ 161. 

3. EXPERIMENTS 

Since the primary function of thermal insulation is 
to reduce heat flow through insulation, it is important 
to realize the various heat transfer processes respon- 
sible for this heat flow. In this study, the total effective 
thermal conductivity was measured. In order to realize 
the contribution of radiative heat transfer in UFPI, 
the infra-red transmission measurements were carried 
out. Based on these experimental data, the radiative 
heat transfer in UFPI can be obtained. 

3.1. Description of the apparatus 

The infra-red transmission apparatus consists of 
three basic components: the source unit and associ- 
ated optics, a spectral radiation detector matched to 
the source, and the sample cell. A schematic diagram 
illustrating the basic system and the details of the 

sample cell is provided in Fig. 1. A variety of source 
and detector combinations were utilized to access as 
much of the infra-red electromagnetic spectrum as 
possible. 

The test cell consisted simply of a layer of Aerosil 
380 sandwiched between two infra-red windows. The 
windows were made of pure crystalline sodium chlor- 
ide, 25 mm in diameter and 4 mm thick, polished to 
optical flatness and capable of transmitting approxi- 
mately 90% of the incident radiant energy over the 
entire measured spectral region. The distance between 
the windows was preset by means of three spacer 
shims, each approximately I mm square and exactly 
equal in thickness, with a variety of thicknesses avail- 
able to provide different optical path lengths. The 
perimeter of the test cell volume was bounded by a 
rubber retainer 1.5 mm thick, which made it possible 
to enclose a measured mass of the powder (0.58 mg) 
within a known volume to calculate f,. The action of 
screwing down the retaining ring on the sample holder 
to fix the windows into position during the test cell 
assembly tended to also turn the upper window and 
thus spread the powder evenly throughout the test cell 
volume to produce a homogeneous layer consistent 
with the theoretical analysis. However, this method 
of sample preparation was limited to a range of fV 
between 0.025 and 0.06 for Aerosil 380, otherwise 
significant areas of inhomogeneous density were 
observed within the test cell cross-section. 

In the near infra-red range, three different lasers 
were used to obtain data-for the wavelengths 0.532, 
0.6328, and 1.053 pm. Each laser produced a circularly 
polarized beam 1 mm in diameter, which was 
expanded and re-collimated through a pair of convex 
lenses of focal lengths 5.72 and 50 mm, and then 
passed through an iris diaphragm to reduce the diam- 
eter of the incident beam. The rationale for expanding 
and then cutting down the beam diameter was to 
minimize two-dimensional effects due to the Gaussian 
radial distribution of the intensity of the laser beam. 
A diameter of at least five times the powder thickness 
was maintained in order to approximate a plane-par- 
allel one-dimensional geometry as assumed in the 
theoretical analysis. After passing through the test 
cell, the beam was collected by a lens tube assembly 
consisting of a field stop, an aperture stop, and an 
achromatic lens which focused the beam onto the 
photocathode surface of a photomultiplier tube detec- 
tor. The aperture stop defined the solid angle of the 
cone of the detected beam and the field stop limited 
the detector’s field of view of the total beam. 

In the infra-red range from 0.8 to 16 pm, two differ- 
ent experimental facilities were used. The source of 
the first apparatus was a silicon carbide rod electrically 
heated at approximately 1100 K, combined with a set 
of first-surface mirrors to produce a parallel beam 
to transfer the test cell and also to focus the transmitted 
beam from the test cell on the detector entrance, which 
was a Perkin-Elmer Model 99 prism monochromator 
capable of measuring in the range of 1.7-16 pm. The 
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FIG. I. Schematic diagram of the experimental apparatus for measuring the transmission of radiation : I, 
aluminum holder; 2, rubber retaining ring; 3, plastic holding ring; 4, infra-red windows; 5. powder 

insulation ; and 6, spacing shim. 

second apparatus was a Perkin-Elmer Model Lambda 
9 spectrophotometer with a built-in source and detec- 
tor covering the range 0.8-3.2 pm. The spectral trans- 

mission data from both of the infra-red detectors were 
collected by dedicated data acquisition systems and 
stored in computer files for later processing. 

The guarded-hot-plate apparatus for measuring the 
total effective thermal conductivity was constructed 
of two layers of Aerosil 380 clamped between three 
isothermal copper plates with the center plate heated 
and the outer plates cooled. The center hot plate con- 
sisted of a central metering area surrounded by an 
independently heated guard perimeter area to prevent 
edge effects. The details of the apparatus are described 
in a previous paper dealing with fibrous insulation 

[ 171. A regulated power supply was used for the heater 
circuit of the metered section of the apparatus to 
insure a constant heat input regardless of variations 
in the line voltage. Fourteen copper-constantan 
thermocouples were installed in shallow grooves 
machined into the surfaces facing the UFPI layers, in 
order to check the isothermal criteria for the hot- 
plate surface temperature. Each of the Aerosil powder 
layers was contained within a supportive testing con- 
tainer molded from 5 mm thick Fiber-frax insulation 
material. The reason for fabricating a special con- 
tainer for the test material is that Aerosil 380 UFPI 
behaves like a flowing powder for fv < 0.03, but 
becomes a very brittle compacted solid for 
0.03<f”<O.l. 

3.2. Experimental procedure 
Two different sample cells were made for the trans- 

mission measurements, one with heat treatment to 

reduce moisture content, and one without. The pow- 
der with treatment was heated to 1000 K for 1 h and 
then kept at 500 K for 24 h under vacuum conditions. 
The thickness of each sample cell was 0.0635 mm for 
the untreated powder and 0.127 mm for powder with 
treatment. After the treated powder was taken out 
from the furnace, the sample cell was made as quickly 
as possible to limit the re-absorption of atmospheric 

moisture by the powder. A reference cell was made 
for each sample cell in exactly the same manner as the 

sample cell, except that no powder was placed between 
the two infra-red windows. The infra-red trans- 
mittance of the powder was determined by simply 
taking the ratio of the spectral signals which passed 
through the sample cell and the reference cell, respec- 
tively. 

For each run with the guarded-hot-plate apparatus, 
the hot and cold plates were maintained at constant 
temperature to achieve steady-state conditions. Due 
to the temperature limitations of at least 5 K above 
the ambient for the cold bath, the cold plate was set 
at 308 K and kept at this value throughout all the 
experiments. The hot plate was run with different 
temperatures ranging from 330 to 480 K to investigate 
the temperature dependence of the effective thermal 
conductivity of the Aerosil powder. The temperature 
difference between the hot plate and the surrounding 
guard plate was kept below 0.1 K with the assistance 
of a regulator. The average plate temperature differ- 
ence AT = (T, - T,) was recorded every hour, and 
steady state was considered to be achieved when three 
successive sets of observations gave temperatures 
differing by less than 0.5 K (approximately 15 h). The 
electrical power input supplied to the hot plate was 
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FIG. 2. The complex refractive index components for Aerosil 
380. 

recorded once equilibrium was established, in order 
to determine the total heat flow through the two layers 
of insulation. After obtaining several data points, the 
samples were then removed from the apparatus so that 
new samples could be inserted. These new samples 
contained either one or two radiation shields inside 
them so as to further examine the heat transfer prop- 
erties of Aerosil 380. 

4. RESULTS AND DISCUSSION 

4.1. Calculated radiative properties 
The information required to calculate the radiative 

properties of UFPI are the complex refractive index 
of the bulk material making up the particles, the solid 
volume fraction fy, and the characteristic particle 
size d. 

Figure 2 shows the n and k values for Aerosil which 
were used for calculation. The data in the wavelength 
range 0.324.95 and 27.55-124 pm were taken from 
tabulated values by Hsieh and Su [IQ in the range 
5.0-6.5 pm from a report by Lang and Wolfe [19], 
and in the range 7.0-26.0 pm from a paper by Cham- 
petier and Friese [20]. The figure shows a strong 
absorption band centered at 9 pm and a companion 
strong refractive index peak near 10 pm. A second 
absorption peak which is also strong but broader 
occurs at 22 pm and the corresponding refractive 
index peak is found at 24 pm. 

The complex index of refraction values have been 
used along with the particle size parameter to theor- 
etically calculate the radiation properties of the pow- 
der at two different size distributions, 70 and 500 A. 
In Fig. 3, the parameter a,/fv is comparatively large 
in the long wavelength region because the imaginary 
component of the complex refractive index, which 
accounts for radiative absorption, is also large in this 
region. The scattering contribution is negligible at 
long wavelengths and dominant at short wavelengths 
because the scattering coefficient is proportional to 
the fourth power of the size parameter X. The two 
curves plotted in Fig. 3 demonstrate that for d = 70 
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FIG. 3. The scattering, absorption and extinction properties 
of Aerosil 380 at two different size distributions. 

A, scattering becomes dominant at 1 < 0.5 pm, but 
for d = 500 A, scattering is dominant over a larger 
range extending to 2.0 pm. Comparing the two extinc- 
tion curves, one can also see that the c._,lfV curve for 
d = 500 A is much higher than that of d = 70 A due 
to the effect of scattering when 1, < 2 pm. This trend 
indicates that if the particles agglomerate into large 
secondary particles, the extinction coefficient will also 
be large in the lower wavelength regions. 

4.2. Experimental extinction coejicient 
Transmission measurements were made in the 

wavelength range 0.532-16 pm, from which the extinc- 
tion coefficient oe was calculated according to Beer’s 
law in equation (2). In Fig. 4, experimental data have 
been presented in a comparison with the theoretical 
results. The dotted line represents independent scat- 
tering and absorption with the particle diameter set 
to 70 A, while the solid line is the distribution for 
dependent scattering and absorption. The dashed line 
illustrates the results published by McElroy et al. [21], 
for which an experimental correlation was used to 
modify the independent scattering to dependent scat- 
tering. In the longer wavelength regions, it can be seen 
that the results of McElroy et al. correspond with 
the present theoretical independent calculations of the 
extinction coefficient. The discrepancy between the 
predictions of McElroy et al. and the present results 
in the low-wavelength region is due to the different 
values used by each group for the optical properties 
of silicon dioxide. 

The comparison between the experimental data and 
the theoretical results demonstrates that for wave- 
lengths greater than 7 pm, the experimental data agree 
with the theoretical calculations quite well due to the 
strong absorption of silicon dioxide. For 1< 6 ,um, 
one finds that the experimental data for Aerosil 380 
are much higher than the theoretical results, probably 
due to the adsorption of moisture by the powder 
causing the primary particles to agglomerate into large 
secondary particles or chains of particles. The scat- 
tering coefficient increases very quickly in this case, 
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FIG. 4. The spectral extinction coefficient for Aerosil 380. The experimental data was deduced according 
to Beer’s law from transmission measurements. 

giving a very high extinction coefficient in the low- 
wavelength region. 

Since the scattering behavior involved several fac- 
tors beyond the scope of the present investigation, 
two sets of transmission experiments were carried out 
in the low-wavelength region to provide additional 

clues. One set involved powder without any special 

preparation, while the other was heat treated to reduce 
the free-moisture content, as opposed to the adsorbed 
surface moisture which requires more elaborate pro- 
cedures. In the data for the sample without heat treat- 

ment, it can be seen that the absorption bands at 
d = 2.7 and 6.3 pm are reduced in the spectra of the 

heat-treated samples. 
Comparisons of a,/f,, between the Aerosil380 and 

aerogel [6] materials have also been conducted. The 

data from both materials are close to the theoretical 
results for 1 > 7 pm, but below this wavelength range 
they show a large discrepancy. This phenomenon can 
be attributed to the difference in structure between 

the two materials, by which aerogel resists moisture 
absorption and agglomeration into larger particles 

due to its lattice construction. This feature also helps 
to explain why the extinction coefficient of aerogel 
almost coincides with the theoretical curve in the 
region of 3-7 pm, while the Aerosil is several orders 
of magnitude higher in this region. In the long-wave- 
length region, the experimental data tend towards the 
dependent theoretical case, implying that dependent 
absorption may be important in radiation heat trans- 
fer through Aerosil powder insulation. 

The experimental data show a small peak at 1. = 4.3 
pm, which would seem to indicate that the Aerosil 
powder has traces of CO* in the spectrum. This band 
is believed to be a spurious anomaly caused by CO, 
absorption in the prism of the monochromator detec- 
tor, which was unable to provide consistent zero 
checks in the wavelength neighborhood of this band. 

4.3. Effective thermal conductivity 
The effective thermal conductivity was calculated 

according to Fourier’s law of heat conduction from 

the experimentally determined data of the guarded- 
hot-plate apparatus. The range of experimental con- 
ditions investigated was 320-395 K for the mean tem- 
perature and 0.027 and 0.055 for the solid volume 
fraction ,fl. The mean extinction coefficient was 

deduced from the transmission experiments where 
0,/f,, ranged from approximately 1 .O x lo5 at 300 K 
to 7.5 x lo4 at 400 K. The radiant thermal conductivity 

at different mean temperatures was calculated with 
equation (4) which was derived by the diffusion- 
approximation method. The radiant thermal con- 
ductivity at the various mean temperatures was also 
calculated by a more sophisticated combined con- 

duction and radiation model derived in ref. [22] 

[3N(1-T:)+(1-T?4)]aT, 
4= -- 

8+:(1-E,) 
----~~+:crr, j- 

( IO) 
&I_ + _._~+~_._ + .._. 

3 ‘I (N/T;3)+ $2 

where N = k,6,/(4aTf) is a parameter relating the 
thermal conductivity of the gas to the effective radi- 
ative thermal conductivity, T; = TJT, and subscripts 
1 and 2 refer to the hot and cold surfaces, respectively. 
The comparison of the analysis by the two methods 
is shown in Figs. 5 and 6 for each of the solid volume 
fractions investigated. The effective gas conductivity 
Kg was obtained simply by subtracting the radiative 

thermal conductivity K, from the total effective con- 
ductivity Keff. The radiant thermal conductivity cal- 
culated by the combined model compared to that of 
the simple diffusion model is slightly greater, differing 
by only 2.3-7.3% at mean temperatures ranging from 
320 to 400 K, respectively. The difference between 
the two models referred to the total effective thermal 
conductivity is less than l%, indicating that within 
this low range of mean temperatures, the diffusion 
method is a good approximation to calculate the radi- 
ant contribution to the effective thermal conductivity. 
However, the difference of radiant thermal con- 
ductivity between the models increases with the mean 
temperature such that the accuracy of the simple 
diffusion-approximation method is questionable at 
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FIG. 5. Effective total and radiant thermal conductivities for 
the cases of no shield, one shield and two shields at a solid 

volume fraction of 0.027. 
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FIG. 6. Effective total and radiant thermal conductivities for 
the cases of no shield, one shield and two shields at a solid 

volume fraction of 0.055. 

high temperatures. The conduction-radiation analy- 
sis gives that the gas conductivity Kg is 92% of the 
total effective conductivity Z& at T, = 320 K and 
is 88% of KeR at T, = 394 K. The gas-conduction 
contribution is dominant at temperatures near room 
temperature, and radiation contributes less than 12% 
to the total effective thermal conductivity of Aerosil 
380 below 400 K. The trend of the radiative thermal 
conductivity displays a cubic relationship with mean 
temperature, as expected by the close correspondence 
to the diffusion model, which emphasizes that radi- 
ation heat transfer must be considered at high tem- 
peratures. A simple estimate based on linear extra- 
polation of the total effective conductivity to high 
temperatures shows that the radiation contribution 
will reach over 50% at about 1000 K. 

5. CONCLUSIONS 

The radiative heat transfer in a typical ultra-fine 
powder insulation has been investigated both theor- 
etically and experimentally and compared to the total 
effective thermal conductivity measured by a guarded- 
hot-plate experiment. The diffusion-approximation 
method is an excellent approximation for calculating 
the radiant thermal conductivity for Aerosil 380 at 
temperatures ranging from 300 to 400 K. The pre- 
dictions of the spectral extinction coefficient from 
available data on the optical properties of silicon di- 
oxide are good in the absorption-dominated regime 
above 8 pm, but are low by a factor of 1000 in the 
scattering-dominated regime below 6 pm. In the lim- 
ited temperature range of the experiments conducted, 
radiation accounted for only 8.8-12.5% of the total 
heat leakage through the UFPI insulation, thus the 
dominant heat leakage through Aerosil 380 at mod- 
erate temperatures is due to gas conduction. The radi- 
ant contribution to the total heat leakage increases as 
the third power of the mean temperature, indicating 
that it is important in higher temperature applications 
where reflective shields can be used to significantly 
improve the performance of the insulator. The Aerosil 
particles demonstrate a strong tendency to agglom- 
erate into secondary particles with large effective 
diameters, which significantly affect both the gas con- 
duction and the radiation properties of the material. 
The effective total thermal conductivity of the ultra- 
fine powder could be lowered by one order of mag- 
nitude if the agglomeration behavior is prevented, 
which would make it comparable with the con- 
ductivity of vacuum-assisted insulations. 
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TRANSFERT DE CHALEUR RADIATIF DANS DES POUDRES ULTRA-FINES POUR 
ISOLATION 

RbumP--On decrit la premiere etude systematique du rayonnement thermique a travers une poudre Uh- 

fine Aerosil 380 pour isolation. Des resultats experimentaux sont obtenus pour le coefficient spectral 
d’extinction a partir des mesures de transmission par infrarouge et pour la conductivite thermique effective 
en utilisant un appareil a plaque chaude gardee. Ces resultats sont compares et confirm& par des calculs 
thboriques. En comparaison avec les experiences de conductivite effective totale, dans le domaine de 
temperature entre 320 et 400 K, le rayonnement thermique compte pour 10% du flux total a travers 
l’isolant. Aux temperatures &levees la contribution du rayonnement augmente fortement pour atteindre 

plus de 50% vers 1000 K environ. 

WARMEUBERTRAGUNG DURCH STRAHLUNG IN WARMEDAMMUNGEN AUS 
ULTRA-FEINEM PULVER 

Zusammenfassung-In dieser Arbeit wird iiber die erste systematische Untersuchung der spektralen Strah- 
lungswlrmeiibertragung durch die ultra-feine pulverfiirmige Warmedammung “Aerosil 380” hindurch 
berichtet. Experimentelle Ergebnisse wurden fur den spektralen Extinktionskoeffizienten aus Messungen 
der infraroten Transmission und fiir die effektive Warmeleitfahigkeit durch Verwendung eines Platten- 
Apparats erzielt. Diese Ergebnisse werden mit theoretischen Berechnungen verglichen und bewertet. Im 
Vergleich zu den Untersuchungen der effektiven Wiirmeleitfahigkeit im Temperaturbereich von 320 bis 
400 K ist die Wlrmeiibertragung durch Strahlung zu annahernd 10% fur den gesamten Wlrmeverlust 
durch die WLrmedCmmung verantwortlich, wobei der Rest durch Warmeleitung der Gase bewirkt wird. 
Bei hohen Temperaturen wird vermutet, da13 der Beitrag der Strahlung stark anwachst und bei ungefahr 

1000 K iiber 50% erreicht. 

PA~kiAL&iOHHbIfi TEfIJ-IOfIEPEHOC B ki30JIJIJ@iOHHbIX MATEPkiAJlAX I13 
YJIbTPAAkiCfIEPCHbIX llOPOUIKOB 

AHHOTaUHa-npenCTaBneHb1 pe3yJlbTaTbI nepBOrOCHCTeMaTWIeCKOr0 H3y'IeHHKCneKTpaJlbHbIX XapaKTe- 

PHCTHK panuauuoHHor0 TennonepeHoca vepe3 83onupym4ufi MaTepnan 113 ynbTpancnepCHor0 

IIOpOUlKa A3pocen-380. 3KCnepHMeHTanbHbIe pe3yJIbTaTbI QTlK ClleKTpWlbHOrO K03@$AUHeHTa 3aTyXa- 

HHR nonyqeabl c nordoubm il3Mepewifi nepenasa ~H~paKpactioro mny9efisn, a mff *+~KTHBH~~~ 

Te,IJIOnpOBOJ,HOCTW--C HCnO,,b30BaHBeM yCTaHOBK&l C TennOBbIM 3KpaHOM. Pe3yJtbTaTbICpaBHHBaIOTCl? 

C COOTBeTCTByK)UIWMB TeO~TH'WCKHMEl paCWTaMli. n0 CpaBHeHHIO C 3KCnepHMeHTaMR n0 OnpeLWIe- 

mirononHoti ~~eKTeBHofiTennonpoBowocrarmInHana30HaTeMnepaTyp 320-4OOK,panualuroH~brir 
TennonepeHoc ywiTblBaeT npeMepH0 10% o6mel yreqrre Tenna qepes ii30fimvn0,npwiebf 0CTaBueecK 

Tenno nepenaeTca rasoM.npn BblcoKax TemepaTypax 0minaeTcK pe3xoe ysenmeHHe 83ny9ewia,noc- 

TmawmeenpwMepHo 50% npet = 1000 K. 


