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SUMMARY

1 . Characteristics of Carbon Nanofluids

Nano-technology has become recognized as one of the essential
technologies in the 21st century. The nanofluids terminology, which describes
fluid combined nanoparticles, was introduced by Choi of the Argonne National
Laboratory in the U.S. Department of Energy. The carbon particles with
metal lattice or graphite structures generally exhibit thermal conductivities
those are hundreds of times greater than pure fluids. Especially due to their
outstanding electric and thermal conductivities, carbon nanotubes have become
an important entity in the scientific field.

Therefore, in this study, for increasing the efficiency of solar collector and
heat exchanger, the thermal conductivity and viscosity of nanofluids were
measured. Nanofluids were manufactured by ultra—sonic dispersing Oxidized
Multi-walled Carbon Nanotubes in base fluids at the rates of 0.0005 ~ 0.1
vol%. We used distilled water, ethanol and mixed water—ethanol as base
fluids. The thermal conductivity and viscosity of nanofluids were measured at
the low temperature(10C), the room temperature(25C) and the high

temperature(70C).

2. Characteristics of Thermoacoustic Laser

Thermoacoustics 1s a field that involves the study of both acoustics and
thermodynamics. In other words it os known as the study that involves
sound waves and the conversion of one form of energy into another. When a
sound wave travels through a gas, it creates pressure and velocity

oscillations within the gas it travels. These oscillations will produce a

Vi



"thermoacoustic” effect. The engines which produce a "Thermoacoustic”
effects are known as thermoacoustic enginge. Thermoacoustic engines find
their use in various fields like medicine, thermodynamics, fluid mechanics and
material sciences and so on. For example, ultrasound is used to shatter
kidney stone. Shock waves are used in mining and material processing. They
are also used in cleaning and sterilizing surfaces and medical instruments by
sanitizing liquids. Recent developments in thermoacoustic engines like using
solar energy or waste heat to run them makes it promising and economically
sound for generating large quantities of acoustic energy. These engines have
been looked at with increased interest in recent years due to useful
applications like converting thermal energy into acoustic energy
thermoacoustic energy and acoustic energy on to refrigeration.

In this study, to find out the characteristics of thermoacoustic laser, we
experimented thermoacoustic laser oscillated at various shapes of resonance

tube, stack, power.

Vi



=7t

a7} v

<

=S
P32 (CO), olitsteta

(1PN
=

’

Fol el #] 9

il

°

|
o

o
il

0]
2R

al

]_

. A

A e 4n] F7t

S|
o

3}

(COy), WIEHCH),

=
o

|2

S|
o

4
!

T
¢
-

3}

oA A

o

LN

ANUA = 2A7FAE LBAAT]A

& S7FsE A=

(HFC), o}

3

Fi QICRIEA, 20101 ol A}
ERPAPNE

°

7}

=

[e}

A
AT A EH L A

Tk

[e]
L

ju

AL
00

ol
M

EER
SANER)

?151_

]

-
R

[e]

o 114
AAe Aew AuHn
b1 9

°

14%

.

=

=

7}
5 A =

isH
A=

93
o 4

=
Ay

AlA F—RE A

&2 o

]

(e}

%9

il

il

=27}
171 13l

=
o

°

2

)

BH o ol

=

=

ol =] 20,0004 il
2Fshe 2 (CO), o] b8t eEA(CO), ™I EHCH.)

A F= A7 1.304x107kcale] U A S )
] E =

Al o) A
Statistical of World Energy, 1986] o] & g %< o=



1o
kol
o
ftlo
o
2,
>,
Qi
X
k=)
)
N
|
&
12
ftlo
tot,
]
4>
s
v
[g:1
=
Ay
D
10,
1o
>.
R
il
o

lo
N
o
ol
%
)
oftt
o
ftlo
rE
o
>,
N
rlr
re
-
N
N
™
o
it}
2
L
o
N
r d
(.
e
ol
oftt
o
s
o

o] &% YefAlZ vpito] Alx8 AA a8 A8A71H e A7 Y F
o]t} [Jung, E. G. et al., 2006],[Ha H. J. et al., 2011]

U Alg terlEmmazle] oA @ase] w5 A el gHow

wAtEe] de ANEY FAE Eekd, ARt FrE(ALO3), ol4tstE e
(TiO9), 2= E (Carbon Nanotubes, CNTs) 53 #o] %& dAELE 7zt
© U=dAE defAE A2 45, 712 ALY AR Soteke &
deol A

Do K. He Y=fAE IFH ¢ 3|Ego|x dAdso] thsto] A3t3lo

Lifei Chen< 2l 243 1 vol%e #©AayeFHE Z3tsle] A %3 Y
Aol dHEEE 45t 7EFAQ Ay 2 v 95%°] dHEE T
S Fgelstgd o [Lifei Chen et al, 2009] Lius 2 vol%e dlg€#d SF8& #A9
FAELEE A Ha 30% FF 294E &
2005] M. Rafatiz= &3 dg#dl 2222 7Ivoes U=fAE Alxste] 33FH
of Wzt FH e Ao i A+tste], WA Yx=fFAE 1.0L/min®l
Foz ZHFUS W Alumina Y=FA7F 6T WZtax7t &S A5
t}[M. Fafati et al. 2012]

uepA 2 ATl s dugr] 3ozt

o158}tk [Min Sheung Liu et al,

o\

A

1]
>,
[
juii)
o,
fol
o
ot
o
o
Ho
ol
2



Al

=
=

SRR

s

AR

=
=

A

[e)
IT

—ogs &£

shel o,

il

=K

H2%F 3 0|A (Thermoacoustic Laser)

2.

w

)

ol

o -&-3F(Thermoacoustic)

7] wiimel 71E

DB R

A

0

3} A

el A oF

RENEE

3} 5

olo

Au]go] AA =t

el

9] =# (Constructive interference) . = wj

A 7 5t

o

o =
S

th[O. G Simko et al. 2007] &

~
B

ofe] AATH A7E=A 7]

=]
RN

o
olo

T
o}
B
™
v
o}
W
o
ol
B

AL
;OO

o O
=7

Q

Bl
w2kl Bre Mok [Swift et al.

I e
Sondhauss®] A2¥= FH e T/ Az G=HA

9]

Sondhaussel 9]

-
1

1988] 1898w Rayleigh

L
[}

1A

9 4e s

KeX
=

FH o 28e AN A sae) 2

s

Feldman< &+

<
T

Rayleigh L., 1945] o]

A8 WAL ¥EFol #ol

F29 [ Feldman L. T. et al. 1970] Bass

S

Ef
2}

& dolA e deol Hart He=

o25E 747 1/2~1/4, M20, 1/3 AFeleha Hal

o
1=

HE, G. W. Swift®} Donald Fahey:= €

fite)



-

1

3

),
a1 B a3 th[ Ryne Lampe et al, 2008]

[e)

% th.[Bass et al. 1995], [Swift et al. 2002], [Fahey et al. 2006] Ryan Lampe

[e>
R

=K

sl wh A A

w2}

3

&,

glo]A e 4l

3

;OO

o
1=

Gl
o

B
%

olo

el
B

AL
00

I

Al

=

s

=K

il
umo
Mo

—
fite)

!
ey

N~
Mﬂ
el
A
.

shel o,

(Standing wave)9]



o123 W7

II.

1991 L o] NEC AFe] 7dHF A A4 Lijima BHAHF 77

Rt R e

SRR

}4oA 7}
qgom A =gl

7

T
=4l

-
1

(Transmission Electron Microscope, TEM)o. & #2 3}

E3AA
o]

=13
=

Fo] Nature#|

A3

ul
=

nm ~ 4 mo] UL,

\

A

:‘,:
Fibel wha

S

it

lo

=

RS PNIRE ]

th[S. Tjima, 1991.] o] )

o4

2w

3Ne ok

-
1

A

A

25 ~ 30 mmol At}

S
T

2912kl SP?

27 = A

=]
T

1 271 ol YieFreba

o

hin
M

H

HA 218 Folth[Y.H. Lee, 2003.]

S

A7t B

I e R

=
=

A

- O
- T

7}A]

N

=K

ToR

0

0
N

o]

13

T2 (SPY)e] |

15
Z4;

A

Az T

o
e

olo] 22 B (um) ©e)2 o)

-
1

(nm) ©$jeo]m Ao

o

e AU =55 2. (Single Wall Carbon NanoTubes, SWCNTs), Tt

U E (Rope

Hy wa

o}

MWCNTs),

(Multi-Walled Carbon NanoTubes,

Carbon NanoTubes)® #5742 4



Zigzag Strucure

Arm-chair structure

Nanotube Rope

Multi-wall Nanotube

Single-wall Nanotube

Figure. 1. Structures of Carbon Nanotubes.

s

Figure. 1o YA 53] &L

o
1=

F2% o

A2 o] g He

9| o] (Arm-—chair), 2| 1A 1(Zig- zag) 2= A

Z

ul
=

F e,

A
0

=

oF
A=

)

A Y& 4 Arh[R. Krupke et al. 2003.]

)
il

K

A7)

RO,
(Macromolecule)©] t}.

o
il

el
N

frod)

X
"
s

o]

]

Fale 1,0008) 0] o] Euf. 7

o

1/100

e

25 AY

AJr
ol

N

el
ToR

o



7HA L

L
=

)

Al

=

obef e -l

Table 1. General Property of Carbon Nanotubes

©
Q
Te)
Hlo | o ~ 6.~ S

S| N o faN] 0| S
Nl % — o
@) l NO.N% N
= | ! \/ S %

(@) <t 41 — | ©
M_,Ol S — | x M
—
Te)
a8)

o S | o
TqO.OO 0.1,092%
N 20 — | O o)

— | L0 { — |
Ol S ~ .
W5 ~5 30~7m

) | 1O = | x| < =)

n|3s MLl =
g

=

Ak

38|~ |5 & &

~ | L | ©
SIEIB|8z[32|8

El=lZ|8lalal 2|2 >
S IO S B <Y R = T IS RS N2 I o I O i B o
Sl 5 =2 g -5l 22| =72 Lo
BWhGOSStnmC
Q| o &l & ol 2| B B =
OmgtMee.l S| T
& g7 S| s | BT &g
AlE 8 o A | o S

A ﬂ\gkeSnnaC

mnmmmmO].
.la
SlE|®|T ANAN:
o O | =| &g
& O
=
i}
L
—

2o ¢]&3%t). Hone

tgom, 7 ~ 25K

S



p=2
o

Foich 19991 Goddard
o wal 2,980W/m-Kol

°

1
=

7}

=

= A A

°

Qe =3
A7FA 77}

=

1
ok 20008 Tomanek 52

°

1,800 ~ 6,000W/m-K¢*]

S EELR R
6,600W/m-K¢Ql o} =&
7} op 2

33 th[]. Hone et al, 1999.] Hones & AFo|x SWCNTe| tj

o

otk 121 Barbers & 49

= =]
o ©°

[e))]
H

)

3ttt 7F 400K

7}&

=

[e

1744

A

A TELS. Berber et al, 2000]

37,000W/m-K<¢l = tj
St} Kl 3

-

1

100K¢] 2 =714

3,000W/m-K=

=

=

-

1

E]

T

st =,
B

o

ol

a1
1|
i =
H

o

B

olH T &

s,

A dE=E EA4

bol churelnt

A 2 5o

=
3} ol

=

[e)

1=

o}

el
=

37k A

)

o} 4

.F_H
&

%

N
il

T
ze)

\A
o

il

J

A

A
e

CX

=

=

3}(Ultrasonic)

[e)

e



o o} o]k,

she

A A

=)
il
)
o

.1!
.?_H

A,

o
e

1.4.2 A

o]

=
=

A 2-7d Al

I Van der Waals ¢

91

A7ke] 4

il

—
fite)

ol A AHEdA ] A

)

wahae,

o

=
=

(2) &=

il

ARz A" MWCNTS o %A &

= O
=

3 Has At o]

Ajayan 5ol ¢

—
fite)

oF

el
70

—

O

T
ol
N
o)
B

i

o]

<
T

o

shelet.

Al %

H =

ol

j
a-

A A

g g% 58

nonconjugated polymer

-
o

=
=

A conjugated polymer?! PPE(poly aryleneethylene)

Al 7] non-wrapping



2|7 = o

%
-
el
4]
mJ

B
22|

~17% =
400°C ]

27V Al A

[e)

A2
& ol A

d

-C=0

(]
o= 7z
A}
A

1_;
X
~

_foﬁl

(C)

B/
B

i)

el

]

—_

__A_u

o

il

jr,].;ﬂ
g ol A
| A4 open ti
p ©l

s
;OE

el

—~
;OL

W

10



2. 9235k 30| A (Thermoacoustic Laser)

3}-5 (Periodic Waves)

-

]

SEE]

& v}el

2.1

o

4

P EA Y (Wiggle)' o] 5

B
I

2 B34 2o

w

211 7124 33

1/f=2r/w?]

T=

w=2xf, F7]

el

N

Erha 74

5
T

$Eow o9 w

o

I
e

4

B
I

i

bl 7} 3

=
=

g o]

-

(b) Longitudinal wave

fe—a—=

(a) Transverse wave

Figure 2 Periodic waves



ol

w
)

—
fite)

o
e

Figure. 2 (a)& =2 u

=

o

o
N~

o

o

<
B

%

<
B

ra

ol
T

. 3

}

;OL

o

= A o]

el

I

—
fite)

el

H
%

%

oM e X7}

]

}

;OL
)

=3

nhE A o] A,

o
=

uhgo A o}

W
)

=3

)

v=AT, B f=1/To|n=

3} .

o
=

o}

(1

v=M\ (F714 3F)

%

212 7714 F3

™
el
e

ol
Nz

]

o, 2 Fo] AA7F =, o] A

o

oA = )

al

0]
s

)

Figure. 2 (b)e} #o] gtZo] m2Eo] &

o
o =

ol a, o] B#Ae] A

=
=

A

ol
ol

4

)
=

Aen AR AL

(¢}

] 3

b

Aol A g3 "7}

ol
ol

[e) [e)
S

Ak ol

]_
Ao g

7

EdA=
o} A]

—_—

A A oo

A E

gk Fig. 8.(b)ell A o]

¢}

-
1

i)

ol

12



ANA 2 97

g 5o} v}

1:3

A 40 P

=

35S 185712 e

-
1

& weh Aty

7t R80T MFHA o]Ft

s

o] o]

ar
=

Fig. 8. Abishe] mhe}

-
1

g, ©]

-
1

==
T

%

F3E

#7144

=3
1=

R LI EE ISR

=

& Hl <t

)
—
fite)

eyl

o)
w
700
ojn

7FA1 3L dt}. Sondhauss FEIA HH

o~ =
TTE

L=\4(f =v/4L)°|

ZFAI AL A

o

M

o

Uz

il
=y

—_—

0

I
RK

A

b

)

=
—=

RS

o)l 1f, 3f, 5f, 7f...

oA o] Eo] A

3
=

Fetel 74

)

St AR F9

o

HAl 551 ol & FHeletal

setol E7)s

=
1

3} 9] Power

o =
S

o A

oltt.

A == A

)

w ol 2 (F &) 7F A

B

Bo
Mo

%

A

| A2 Aot(GtE=mh)7 AS S7hgel web AL FH

ol AAA). 2t AAS] AAM =

A Ergel

E AFAA 0

Agae] ZAEE Al oA

(e}

ol

ol 7} s~ A 74 E we)

} A}

[e]

3z
=

2

e
o}

gy

oW

= A AyRerE a4

=
=

s

2ARU), W, TEF

Axlo] Zrol A Al @i Hugh D. Young, 2008].

K

]

(e}

5

]

</

13



\

3 3594 2 (Wave equation)

2

IEEEEE

Apol T, A

%
o)

_12_.0

ﬂo

ol

o
-
I

[
)

(2

=Pyt p

2

3)

=ptop

Pr

(4)

Up = Uy + U

2 FAEH
w2 <]

g 7]

o
1=

t5))

Pr

(2L

Po

Dy

—
fite)

pariy
fite)

(6)

4

F71 el

S

14



(7)

=0

ol o]

w Aol A

3
=

e

7}

=

Z

S

<)
o
o

iy

b
pells
ol

ot

|
—~

ol

—
fite)

el

®)

2] s}

g

=
= 4

(13)~(15)

=elat 4

1

A

Skl

"

(15)¢] 12} v & g5

9

QL

>ﬁn

0P,
op

(10)

+pOV’u: 0

oT

(11D

+ Vp=20

ou

o

(12)

15



(13)

(14)

(15)

),

opp

ap

olw 2 (17)¢] HAZNH

(16)

e tHEA <, 20031,

ki3

ol Fa

=

I

4
4

16



M. dxgAe 54
1. B2l R/E 2 7[ERA

2 AFNA AMEE gAY REE @] dshuieEd A sheEr]F A
(Chemical vapor deposition)©. 2 #|ZH Ao 2ZA % 95% oA thsH e
Ay FHE (Multi walled carbon nanotubes, CM-100)5 At3} =g slo] AF-E3lA
. Figure 39 b8t ¥ @y fFH CM-1009] SEM ARH S YERNA S
W, Table 2] EAAE Uttt 89S Bd 82 &

PN
T
Fue el WO 7l RuFHE AR o Ao BadnRust Az $

o] &3t 1 FTHI THFT4 ¢& 99.99%9] &S 7|EFARZ AL

w
S
S
~
=2
2
i
Lo
12
L
}-ﬂ
H
ol
o
>

13W/m-KolH, o&&e] =%+ 0.171W/m-K

L 3
Q 2 F v

CJu SEl 10.0kV X200,000 100nm WD 7.5mm

(a) CM-100 (b) Oxidized CM-100
Figure 3 SEM Photos of Carbon nanotubes



Table 2. Properties of OMWCNTs (Oxidized CM-100).

Properties Oxidized CM-100
Diameter(nm) 10~15
Length(gm) ~200
Purity (wt.%) 95
Bulk Density(g/cm3) 0.05
Surface Area(m2/g) 225

2. UemAe]l A=

N

A" + =S wso] k. Figure 5 4tst A7 d @davnFHE Ax3)
7] 91 AR Ao, 2 Az vt 2

WA 3aH08%) 8miet WAH63%) 2mE EFsrl Az® & 30meol
MWCNT 2g% ¥ § 110TellA 2443 SeF wnk apgivk wnk & Add 7t
2EAVE FHEE A MWONTS @ o] £3hg 2 1000mesh 41014 343
ol pH 7] & w744 AH 3} ofghe] A4S wEsh AHEE odr]= At
o8 BE FHKGS-47E AHEsklaL, o3A= oj=dgate] 5o A7]71
’d PTFE Bty B #H< FE(HO20A047A)E AH&stath 1+ o
& o13tE MWCNTE 60T 73 dze ol A7 A% & Axste] 5
= AAs 4ks Ag ¥ MWCNTE 1.7 ¢ ¥, Absk A g
H gy FEe AHEES WA YHaefAE AESATH[Shim et al,

0

O

o
Do
=
=
o
P
&

ftlo
ot
I
ol
ol
3R
vl
I



CNT 2.0g + H;S0,(98%) 8me + HNO;(63%) 22me
7hE 2 m¥k (110 °C, 24hr) [

"

dZt ¥, So|2=HE & 1000meE 410] 3|4

w

: 0.2;m E| Z& O{2kx|0fl ZIZ O3}

pH 70| & wh7}X| g

w

TO|223HE & 1000meE MO 2|Y

v

| pH 70| 5|29, FE =2j0| ®E{Y (60°C, 48hr)

"

1.7g9] A48} CNT %5

Figure 4. The oxidation process of Carbon nanotubes

Figure. 5 The experimental apparatus of produce oxidation MWCNTs.
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Figure. 9. Photograph of wheatstone bridge experimental apparatus.
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Figure. 10. Photograph of Platinum wire
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Length(mm)
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27.5, 50
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Stack Position(cm)
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1,2 3, 45,6, 7,
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1,2 3,45,6,7,

8, 9, 10,11, 12, 13,

14, 15

Length(mm)
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Diameter(mm)

10, 15, 20
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