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Seung Woo Kang, Chan Ho Lee, Sung Hyun Kim’
Department of Chemical and Biological Engineering, Korea University
( kimsh@Zkorea.ac.kr)

>
rft

BN
i\ﬂlm
l‘lF:‘Oé
o

N
[

N

Lo

s

X

N

o4

2\

>
ox 24 21911
4 = ol 24 o O
o
:
2 il
ot
oz
i)
N
rr
2
&
Mo
o
[o L
fu
il
o)
i)
32
i)
R
T
>
e rie
re
>
2
X
rr

rle < g
ro k| O fo
ol

| *

2 o2 ol 1R ofN I\ <! Hrt
O o e dit o 2 2

Lo
o
e
)
iV
oX
ofr
oot
0>~
r o
-
i
4
o
ek
2
o
L
2

°
rt

o
41 e
i
v

s SR Wik FEEe]l AT 4 Q)% Zo] A3 ti-d ==K (Log Mean
Temperature Difference, LMTD)E ©]-83} %3 t}.

(Tsin_Tcouz‘)_(Tsouz‘_Tcin) (3)
In (Tsin_ Tc out)
(Ts,ouz‘_ Tc,in)

LMTD =

197t Z2WA o]Fd HRoA B



Theories and Applications of Chem. Eng., 2004, Vol. 10, No. 1 648

U 45 358 F JEF stk Figlel Ued AA-d 43 e cFANEEHo=E
TAFRASER, &% UYefFAZE Aol 7IsstA stath Z2F dudr]e 9 =+,
Wzt 71449 o 7 v S2AIFAE AAElY 228 SASAT. A8 HH
AN &N, W45 2 JtEFY 25 01K FALEE {FAEAT. &9 &%

del= A FZFA(KRONE Co)E AXA AT 54 dHolHEL2 AA 204d A&l
7be @k HolH 23 (YOKOGAWA Co)E o83t HFE I 2o voly A4o]
7Vsete s dHolH HE A&EHS FHolRon, Al &Eo] AAGHA W APS T35

S ok
Aok 281 WefAo] o] 48 Ag §olo] B E4L Table 19 Feldtsich

23 9 Eg

A dolge WYL Fushy] Astel FHRFE AT QuBEL FAF A
Fig2o] AASEOM, TgolA RE wuhsh 2o AFAZ & e AL F
o ohgoE B AP FAF Ag thefAlY] GAEE ZYUY ARE
ASRE, Ag B} 25%CILLE TSR AL Fgol Aol gl
w3 AP Ag 25%Q ASE gidoz ATl RE, 2003 o 4o
& Z7ao Ag PRAS] SUIATS WA Figdol UEIIE dols=t 200

— = =2

= 78R FRAANE AsFEs U vF S e, 240103“01]7\1‘— a3
7t FFEEV‘]X] Boes & F A B FHRF AAY dHD AT 27 W& o
=9172te] e ZHAMNE dATEY Hluste Aoz e AL U 5 YT
weA M EA AAIG AAH WAVl HAsEHS Fde FAFE W=
g AFAES FHsA, dHddS 4\‘633}04 Fig 5014 H & who} | S/l Hl
o oz v g AFE VMRS EdsA

A 9P ASFRE Fagor), Aol AT AP AFAE BUY + PelTh
FAYSHo] wre AAfel YegdAE Aa3he ddafe WA Wl 2L
Mol @ 9lg Aol B ATAL oF s AN ASHoE ATE Sy
U4z glelth

ojFtE, e, 2T, Eed, A4U¥, AAE, HIEnFe3 200351A st 3
=3, 761~765(2003)

K.U. Leuven, 1999, Applied Thermal Engineering 20(2000) 417-437

Lee, SU., S. Choi, S. Li and J. A. Eastman, 1999, Journal of Heat Transfer, 121,
280-289

Xie, H., J. Wang, T. Xi and Y. Liu, 2002, International Journal of Thermophysics, 23,
571-580

Xuan, Y. and Q. Li, 2000, International Journal Heat Fluid Flow, 21, 158-164

ofetZetel O/EH E& H10Z Hig 20045



Theories and Applications of Chem. Eng., 2004, Vol. 10, No. 1

Heat Transfer rate of cooling water (J/S)

Fig.2 Heat balance of system
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Table 1. Properties of Fluid Suspended 5% Ag-Nanoparticles
[tem Specification
Silver Purity Above 99%
Particle Size 10 £ bSnanometer
Specific Gravity 1.05 £ 0.1g/cm’
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Fig. 1 Experimental apparatus
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Fig.3 Effect of Ag nano particles
on thermal conductivity
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Fig.4 Effect of Ag nano particles on overall heat transfer coefficient:
(a) laminar and transient region and (b) laminar region
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Fig.5 Comparison between overall heat transfer coefficient of water
and transformer oil
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