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Measurements of radiant emissions on samples of NEXUS fabric

Apparatus

In order to be able take these measurements it was necessary to equip an optical
bench with a temperaturei controlled thermal box, size 1000 X 300 X 800mm, with
walls in insulating material, containing the various parts of the measuring system. The
main element of this is the thermostatic support that holds the fabric sample and
makes it possible to vary its temperature.

It consists of a copper support for the fabric with a fixing system that has a measuring
window of about 9 cm?. The copper support is in contact with one surface of a 37.5W
Peltier heater, while the other surface is in contact with an aluminium dissipater.
There are 4 holes on the edge of the copper pan, at a different distances from the
Peltier heater and whose depth is slightly greater that their radius. These house the
thermocouples that measure the temperature, to a precision of +/- 0.1°C.

The Peltier heater is powered by a special generator controlled by the PC, making it
possible to reach and maintain, within the error margin of the thermocouples,
temperatures between about -10 and 100°C (at ambient temperatures of between 15
and 20°C).

The measuring device consists of a concave quartz mirror, elliptical in shape and with
a 50 mm focus. The mirror is Au coated for efficient IR radiation (95% reflectivity for
wave lengths over 0.7um).

The radiation collected passes through a chopper and a commercial IR
monochromator (measurement range between 2.5 and 15.5um with a resolution of
0.007um) and it is then collected by the detector (MCT/A with a range of 0.8 8 35um
optical NEP at 15Hz : < 100 pWatt.Hz*? ) maintained at a temperature of about
-195°C by means of an insulating sleeve filled with liquid nitrogen.

The output of the detector is connected to a SR830 lock-in whose output is processed
by a PC with custom software.
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Figure 1: complete measuring apparatus

The software is an essential part of the system as a whole (Fig. 2) and the
applications manage the measuring process, performing the following functions.

1. Controlling the temperature inside the thermal box, maintaining this at a
constant level by means of a heat pump.

2. Controlling the temperature of the copper pan, maintaining this at fixed values,
also making it possible to vary the speed at which the sample is heated and
cooled.

3. A stepper motor makes it possible to vary the monochromator wave length.

4. Obtaining and storing the readings from the MCT/A detector by way of the
lock-in and allowing these to be processed subsequently.

Once the measuring process is started up, the system performs the operations,
following a set sequence designed to limit possible sources of error.

It heats the copper pan and the sample to the required temperature.

It waits for a set time during which the sample takes on the heat.

It triggers the process for obtaining and storing the measurements.

In moves on to the next temperature setting.

If terminated, the series of measurements is repeated in descending
temperature order.

With this completely automated system, it only takes a few seconds to obtain the
measurements for each temperature (18,700 points), and during this time the sample
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is maintained at a constant level, within a tolerance of 0.1°C.
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Figure 2 : screen shot of software obtaining the lock -in readings; the other

two applications are controlling the temperature and processing the data.

Before starting the measuring process, the system is aligned and calibrated using a
black body source brought to the various measuring temperatures (20, 37, 45, 85,
100, 150, 300°C) also used to estimate the emission capacity of the fabric samples
for the processing of the data.

Description of measurements

The measurements were taken on three fabric samples for each type of material:
black cotton, non-Nexus fabric (Polyester) and charged NEXUS fabric, making a total
of 9 samples.

The samples were grouped into 3 sets, labelled A, B and C, each set containing one
sample of each type of fabric.

Each set was subjected to measuring cycles at temperatures of 20, 37, 45 and 85°C,
during which time the samples were heated from 20 to 85°C and then cooled from 85
to 20°C, remaining at the measuring temperatures 20, 37, 45 and 85°C from 10 to 20
minutes, in order for the sample to take on the heat.
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Each 20-85-20 measuring cycle lasts about 3 hours and these were repeated up to 3
times in the same day, with each sample undergoing at least 9 20-85-20 heating
cycles spread over a total period of 10 non-consecutive, measuring days.

The table below shows the results for the three sets of samples for each measuring
day, with a total of 81 measuring cycles carried out.

Table of measurements taken on the three sets of fabric samples

Day 20-85-20 cycle 1 20-85-20 cycle 2 20-85-20 cycle 3
1 A B C
2 A B

3 C A B
4 C A B
5 C A

6 B C A
7 B C A
8 B C A
9 B C

10 A + H,O test B + H,O test C

Table 1: measuring cycles for the three sets of fabric samples A, B, & C. Each

measuring cycle was foll owed by t wo Aftesto
compare the repeatability of the measurements for each sample, including at
a distance of some days. On day , 10 the measurements were also taken on

moistened  samples of NEXUS fabric.

Results _analysis

In the interested areas, the presence of air causes considerable attenuation of the
signal due to absorption by the oxygen (0O,), carbon dioxide (CO,), and in the greatest
measure, water vapour (H,O) in the air.

This made it necessary to take a series of preliminary measurements in order to
calibrate the system and take the intermediate control measurements due to possible
variations in the humidity in the air.

The control measurements were used to process the raw data for the fabric samples,
in order to eliminate the contribution made by air absorption. However, at the lowest
temperature (20°C), the minor difference between the sample temperature and the
ambient temperature resulted in so much noise that it was difficult, if not impossible,
to take the measurements.

In addition to this, we also estimated an emissions capacity of around 0.4 to 0.5 for
the NEXUS fabric, not an adequate figure to overcome the black body contribution
from the environment at a temperature of only 5°C lower.

cycl
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Figure 3: absorption spect ra in the part of the spectrum between ultraviolet
and microwave. The area of int erest, from 4 to 14 microns, shows significant
absorption by oxygen (O ), carbon dioxide (H »0), and, in the greatest
measure , by water vapour (H 20), (Peizoto. J.P. and Oort, A . H., Physics of

Climate , Springer, 1992, p. 118).

The graph below, illustrating the emissions of the Nexus (TC), and non-Nexus (NTC)
fabric, shows some peaks between 6 and 7um which occur exactly where water shows
the maximum absorption, therefore it is not possible to deduce if this is an attenuated
peak and where the effective maximum is to be found.
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Figure 4: measurements of the emissions of the fabric samples (TC = Nexus
fabric, NTC = non Nexus fabric) at a temperature of 20°C

The measurements at 37° are subject to less noise caused by absorption. The next
graph also shows the emissions curve for the black cotton samples used to make a
comparison with the charged and non-charged fabric samples.

At a wave length of about 6.83 m, a slight emission igpB)akKhician be
also visible at higher temperatures and it shifts toward the shorter wavelengths as the
temperature increases, as does the maximum mission that, at a temperature of 37°C,

is around the 8um wavelength (the maximum for the black body at the same
temperature is at 9.35um).

In the 45°C. measurements, the emission peak is even more accentuated (Fig. 6),
occurring in a part of the spectrum where the air absorption is lower (-60%), and this
is also clearly visible in the 85°C measurements.

The graph in Fig. 8 shows a comparison of the emission curves for the charged fabric.
All these curves show an emission peak that shifts from about 6.8um for the 37°C
curve, to about 5.7um for the 85°C curve. In addition to the peak, the maximum
emission also shifts, in accordance with Planckb s Law f or bl ack body emis

In general, in the area of interest, the Nexus fabric shows higher emission than the
non-Nexus fabric or black cotton samples.
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Figure 5:  measurements of the emissions of the fabric samples (TC = Nexus
fabric, NTC = non -Nexus fabric) at a temperature of 37°C
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Figure 6 measurements of the emissions of the fabric samples (TC = Nexus
fabric, NTC = non -Nexus fabric) at a temperature of 45°C
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Figure 7:
fabric, NTC = non -Nexus fabric) at a temperature of 85°C
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Figure 8: comparison of the emission curves for the Nexus fabric samples at
37,45&85 °C. All the curves show an emission peak (indicated by the arrow
with the relative value in  um), that shifts from about 6.8 pm for the 37°C
curve, to about 5.7 pm for the 85°C curve. In addition to the peak, the
maxi mum emi ssion also shifts, in accordance with

body emission.

As a further investigation, during one series of measurements, the charged fabric was
kept wet using a water nebuliser (distilled water and Pisa tap water). We did not
observe major variations between the type of water (distilled or tap) but emission
changed markedly depending on whether the fabric was wet or dry.

At a temperature of 85°C the evaporated water partially attenuated the emission
mechanism, but this was less evident at the lower temperatures.

Regardless of the temperature, we noted that the NEXUS fabric tended to dry out
quickly; after barely 60 seconds at a temperature of 37°C the fabric was completely
dry.
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Figure 9: comparison of the emission of the Nexus fabric samples , both dry
and wet, at temperatures of 37, 45 & 85°C.
Additional observations on the measurements
A No changes in the emission properties duet o @At her mal fatigued we

after the samples had undergone the three cycles of heating and subsequent
cooling, from 15 to approximately 90° C.

A During a forced cooling test cycle using the Peltier heater at a temperature of
about 0°C, the water that had condensed on the fabric during cooling
evaporated rapidly when the fabric was brought up to ambient temperature,
(heating time 30s, evaporation time approx. 90s), naturally emission at this
temperature is completely masked by the thermal noise from the equipment
and from the environment.

The NEXUS fabric showed rapid reaction to the thermal cycles, heating up and cooling
down in a 10 to 20% shorter time that non-Nexus fabric.
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Con clusion

In the light of the results obtained, we consider it appropriate to extend the field of
analysis, including under the experimental conditions proposed in the first Protocol for
Measuring Radiant Emissions for Nexus Fabric , taking measurements in relation to the
temperature and surface dampness of the fabric and measurements in conditions of
UV irradiation.

Pisa, 27 March 2008
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