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Schematic of the Microstructure and

Unit Cell of Plain Weave Fabrics
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Fabrication of Smart Fabrics

 Fiber Optics
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FAST SELF COOLING
MECHANISMS

Roger J. Morgan and Sai Lau

Texas A&M University

AFOSR WORKSHOP ON
MULTIFUNCTIONAL AEROSPACE
MATERIALS

24" OCTOBER 2002




THEME

. “OUT OF THE BOX”
— SURFACE COOLING CONCEPTS

— THERMAL ABLATION RESISTANT
STRUCTURES

« GOALS

— RAPID TEMPERATURE - TIME
COOLING

« LIMIT IR-TIME SIGNATURES

— ENHANCED THERMAL
RESISTANT STRUCTURES-
PROCESSIBLE COATINGS AND
STRUCTURES




SUBJECT MATTER

HISTORY
— LASER HARDENING MECHANISMS
« HIGH MOISTURE BEARING FIBERS
(FIBER -S)

« TUNGSTEN CARBIDE, TANTALUM
CARBIDE IN-SITU SERVICE
ENVIRONMENT FORMATION

SURFACE MOISTURE EVAPORATION
— SKIN COOLING MECHANISM
— MICROFLUIDICS

THERMAL CONDUCTION - INTERNAL
COOLING “PIPES”

RAPID SUPER - THERMAL CONDUCTORS

COATING SELF COOLING MECHANISMS
(IN-SITU REPLENISHMENT)




fable 1
Aromatic Polyamides That Werxe Developed

for Commercial Fiber Production

Chemical Name Chenical Structure Trade Namo
{abbreviation) {company)
poly (m-phenyleneisophthalamide) I : ] Nomex™{du Pont);
OQ~H N¥:
(PrPI) ConexP{Tei jin)
polybenzamide PRD 49-1™"
OR
(PBA) {Du Pont)
poly (o-phenylene terephthalamide) Kevlar™du Pont}:
@ -"‘CO-HR—@ —N Twaron™
(PPTA) {akzo N.V.)
polytexephthaloyl- - . X-500™*
p-aminobenzhydrazide —{—ﬂk@ ——CO—N!!-NH—OC"‘:@ =
(PABH~-T) {Monsanto)
copolyterephtralamide of # @ (SO)] . HM-507§ Tochnoxa™
.—_co——_

p-phenylencdianine ahd -

3,4' diamino~diphenyl ether - ]
(CPTA) ¥ ‘ H-(50)

polyamidobenii:midazole @ O FVi™
{PABI) + (USSR}

H

(Teijin)

*No longer cormercially produced.
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THE MECHANISM OF
ECCRINE SWEAT EXPULSION

Eccrine sweat glands are simple coiled tubular glands located in the
deep dermis or underlying hypodermis and are present throughout
the body. Their primary function is evaporative cooling.

1. They develop as invaginations of the epithelium of the dermal
ridge. They grow into the dermis with its deep aspect becoming
the glandular portion of the seat gland.

2. Eccrine sweat glands are simple coils of cuboidal epithelium
containing two kinds of cells.

A. Dark cells produce sialo mucins.

B. Clear cells produce water and electrolytes.
3. The final production is hypotonic (99% water)
4. Adult produce between 0.5-10 leters/day.




CONDUCTIVITY MODEL

ASSUMPTIONS:

The outer surface is heated instantaneously to 100 °C
before cooling begins

Inner surface temperature is maintained at 25 °C

There is no cooling to atmosphere

Water flow is semi-turbulent

GOVERNING EQUATION:

(HEAT ADDED -HEAT CONDUCTED ACROSS THE MATERIAL)
PER cm?2 PER s =
(HEAT INCREASE IN THE MATERIAL PER cm? PER S)




EVAPORATION MODEL

ASSUMPTIONS:
?  Pore openings cover 50% of surface area

? 0.2 kg. Of water evaporates per second per square cm.
of surface area

?  Material and water properties are considered at
conditions prevailing at an altitude of approximately
60,000 ft.

GOVERNING EQUATION:

(HEAT ADDED -HEAT TAKEN AWAY BY EVAPORATION) PER
cm?PER s =
(HEAT INCREASE IN THE MATERIAL PER cm? PER S)




Temperature vs Time

50 100 150

200 250 300

Time (s)

—o— Conductivity model

A Evaporation model

350




Temperature vs Time for different methods of cooling

- 120
& 100
o
=
=
o
2.
g
2]
b
0 50 100 150 200 250 300 350
Time (s)

—o— Conductivity model
—a— Thermal conductivity=30,000 times that of silver

» Evaporation model




Temperature (°C)

Temperature vs Time

Time ()

—o— Conductivity model —— Thermal conductivity=30,000 times that of silver




Tenperature vs Tinme

—#&— Therml

conductivity=30,000 times that of silver




SUPER THERMAL
CONDUCTOR

COPPER SEALED TUBE -5
MM D

AIR 0.5 ATMOSPHERE

3 COATINGS - 0.1 MM
THICK

— OXIDES

— CHROMATES

UP TO 3 x 10 THERMAL
CONDUCTIVITY OF SILVER
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Supertube with pressure transducer atlached.
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Pressure and temperature inside an operating Supertube.
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