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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) 



Table 1 

Xromatic Polyamides That Were Developed 

for Co^^iercial Fiber PrcKJuction 

Chemical Na.*se 
(abbreviation) 

poly (m-phcnylcneisophthalaniidie} 

(PC[I?I) 

polybcnzamide 

(PBA) 

poly (g-phcnylenc torephthalsnU.de) 

(PPTA) 

polytcrcphthaloyl- 
£-orainobcnihydraside 
(PABH-T) 

copolyterephti'.alandde of, 
E-phenylenediaraine ahd 
3, i' diaiaino-diphcnyl ether 
(CPTA) 

Cheiaieal Structure 

^--tX>--vS^'L-CO-KM---*>^-^NH-^ 

-+-m—fo\ —co-j- 

-|-oC--/oS --*^0-HM---/TS —-HH-j-- 

-i-m—/oS —CO-NH-NH-OO—: -/ o ) —co~\— 

-0 —HN—<  O > —NH— (SO)] 

-t-«M—fo\—O-T-CV^H-CSOj 

-0. 
K    O O , 

polyamidobcni..<.roidazole 

(PABI) 

Trade Has^ 
(coMiany) 

Monsex"<(du Pont); 

Coriex™{teijtn) 

PRD  49-1^ 

{0u Pont) 

Kevlar™(du Pont); 
Twaron'" 
(Akzo H.V.) 

X-SOO™* 

(Monsanto) 

KM-50"$  Technora"' 

(Teijln) 

FWfx 

(USSR) 

*No longer co.-KccEcially 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. 

S*«r«4MyP«ct9«ti 

fccrtt* SMwai etvKl 

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 

GO VERNING EQUA TION: 

(HEAT ADDED -HEAT CONDUCTED ACROSS THE MATERIAL) 
PER cm2 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 EQUA TION: 

(HEAT ADDED -HEAT TAKEN AWAY BY EVAPORATION) PER 

cm^ PER s = 
(HEAT INCREASE IN THE MATERIAL PER cm^ PER s) 



Temperature vs Time 
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Temperature vs Time for different methods of cooling 
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Temperature vs Time 
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SUPER THERMAL 
CONDUCTOR 

COPPER SEALED TUBE - 5 
MMD 

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 attached. 
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