164 J. THERMOPHYSICS, VOL. 13, NO. 1: TECHNICAL NOTES

iments performed in a test cell with aspect ratio L/H = 16 have
shown that steady thermal distortions arise in the presence of
relatively large g-jitter at relatively high frequencies. These
distortions depend on the value of the vibrational Rayleigh
number (proportional to the temperature difference and to the
velocity of the g-jitter oscillations).

An experimental proposal is being considered for the Inter-
national Space Station, where the steady residual gravity is
reduced by several orders of magnitude, compared with Earth
conditions, so that a fluid cell with unitary aspect ratio could
be used and relatively small g-jitter will be sufficient to induce
measurable thermofluiddynamic distortions.
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Nomenclature
A, = solar power absorption area, m”
A, = heat radiation area, m*
¢, = Planck’s constant, m K
F = solar flux, W/m?
S = luminance temperature, K
T = temperature, K
T,., = mesh temperature, K
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Introduction

HE weight of large-aperture space antenna reflectors can

be effectively reduced by using mesh as the reflector sur-
face.! The mesh is made of gold-plated metal filaments, and
the woven configuration is determined by the radio frequency.
The mesh shape is controlled by a cable network, which con-
sists of surface cables, back cables, and tie cables.” The an-
tenna reflector itself consists of a mesh surface, a cable net-
work, and truss structure.’ In the case of solar energy incident
on the mesh, the estimated mesh temperature exceeds 473 K
(200°C), when it is calculated from the surface properties of
gold. At this temperature, the stiffness of surface cables at-
tached to the mesh surface can change or the cables can be-
come fused, and as a result, cable quality is an important de-
sign factor. The thermal deformation of a reflector can be
evaluated by considering the temperature of the cables and the
truss pipes. However, the mesh temperature affects the tem-
perature of the cables and truss pipes, and no studies have been
done to determine the mesh temperature; therefore, the extent
of the problem is not known. In a conventional method, the
temperature measured by ordinary thermocouples attached to
the mesh is influenced by the surface properties of the ther-
mocouples. Because the diameter of a thermocouple is 10
times greater than that of a mesh filament, the radiative and
conductive heat transfer between a thermocouple and filaments
is substantial. Therefore, it is difficult to measure an accurate
mesh temperature using ordinary thermocouples. Thus, the
correct mesh temperature has not yet been experimentally ob-
tained. In this Note, we report experimental mesh temperature
measurements that were done using fine thermocouples with
diameters nearly equal to those of the mesh filaments. The
experimental results were obtained by irradiating pseudosolar
radiation on the mesh in a space environment simulation cham-
ber. In addition, we compared the temperature measured by
radiation thermometers and ordinary thermocouples with the
measuements done using the fine thermocouples.

Experiment

Mesh and Thermocouple Combination

The meshes we tested are shown in Fig. 1. The magnified
photographs reveal two texture sizes of mesh with fine ther-
mocouples attached. The meshes were fixed on a frame with
500 kg/m of tension. Both meshes were composed of gold-
plated filaments 3.0 X 107> m in diameter. The fine thermo-
couples were Chromel—Alumel-type thermocouples and mea-
sured 5.0 X 107> m in diameter. We also measured the mesh
temperature using ordinary thermocouples and radiation ther-
mometers. The ordinary and thermocouples were sewn through
the mesh. The mesh was irradiated in a vacuum chamber, and
the mesh temperature was measured. The solar power was var-
ied from 600 to 1400 W/m®. The temperature of each mesh
was determined from the average values measured by the two
fine thermocouples.

Measurement by Radiation Thermometers

When measuring the temperature with a radiation thermom-
eter, the correct emissivity must be set to measure an accurate
temperature. However, it is difficult to determine the mesh
emissivity when the effects of porous or gathered fine filaments
are included. The emissivity is different for polished or sand-
blasted surface conditions. Moreover, ordinary radiation ther-
mometers do not work for emissivities less than 0.1. Radiation
thermometers measure the radiance of a body to determine its
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Fig. 1 Experimental meshes.
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Fig. 2 Temperature estimation using a radiation thermometer.

temperature. The relationship between luminance temperature
and absolute temperature is given by Wien’s formula

&)

T=em + e @

The temperature of the mesh measured by the radiation ther-
mometer varies, depending on the emissivity, which can be set
from 0.1 to 1.0. Thus, the mesh temperatures were obtained
by the radiation thermometer at various emissivity values to
determine the value S and A, in Eq. (1). The value of T sub-
stituted into Eq. (1) was measured at 1400 W/m” solar flux.
The relationship between the temperature and emissivity is
shown in Fig. 2. Using gold surface emissivity values found
in Ref. 4, e.g., sandblasted gold is 0.14 and polished gold is
0.05, we estimated the mesh temperature to be between 523
K (250°C) and 433 K (160°C). Therefore, a precise mesh tem-
perature estimate by this method requires one to know the
exact mesh emissivity.

Measurement by Fine Thermocouples

The mesh temperature obtained by the ordinary thermocou-
ples and the fine thermocouples is shown in Fig. 3. The mea-
sured temperature deviation was within 10 K. This deviation
was caused by variations in the irradiating solar power. Figure
3 also shows the mean temperature measured by each type of
thermocouple. Although the mesh temperature measured by
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Fig. 3 Temperatures measured by fine and ordinary thermocou-
ples.

the fine thermocouples was about 513 K (240°C), the temper-
ature measured by the ordinary thermocouples was 333 K
(60°C) at 1400 W/m’ solar power. The temperatures obtained
by the fine thermocouples were within the range evaluated by
the radiation thermometers and, thus, constituted acceptable
data. At 1400 W/m? solar power, the temperature of the coarser
texture mesh was 20 K greater than that of the finer mesh. The
mesh filaments for each mesh were identical. The cause of the
temperature difference in two types of meshes has not been
determined. However, it is clear that the mesh temperature
exceeded 473 K (200°C) in this experiment. Based on these
experimental results, we considered a method for the simple
estimation of the mesh temperature. The thermal balance on
the mesh was evaluated using a rectangular model, in which
solar power could be absorbed on one face of the rectangle
and heat could be radiated from both sides. The heat balance
of the rectangular model is given by

a(1 = DA -F=g-0 Ay (Th — T ()

In this model, A,/A, = 2.

The values of a and & were for a polished gold surface
(a/e = 0.3/0.05). The result of this calculation was compared
with the measured temperatures and is shown in Fig. 3. The
calculated values agree fairly well with the experimental data.
Therefore, a simple calculation that uses the surface properties
of gold is adequate to give a rough estimate of the mesh tem-
perature in a rectangular model.

Conclusions

The mesh temperature was able to be measured by fine ther-
mocouples that were close to the mesh filaments’ diameter.
The measured temperature exceeded 473 K (200°C) in the ex-
periment. This value was within the temperature range that was
obtained using radiation thermometers. However, the temper-
ature measured by the ordinary thermocouples was consider-
ably lower than those of either the radiation thermometers or
the fine thermocouples. A simple calculation was accurate
enough to give a rough estimate of the temperature and was
in fairly good agreement with the experimental data obtained
by the fine thermocouples.
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