= Ak A 552 H 5 2HY 315

| EEET
SWNT F38utgse e 45 H7HE A% Ardi €42 a4
oMo deieE dA N

A COMPUTATIONAL STUDY ON FREE CONVECTION FOR THERMAL PERFORMANCE EVALUATION
OF A SWNT THIN-FILM HEATER

H.S. Kwak,*1 S.E. Lee” K.S. Park' and K. Kim'

A computational investigation is conducted on free convection from a thin plate having a surface heat source.
The thermal configuration simulates the recently-proposed transparent film heater made of a single-walled carbon
nanotube film on a glass substrate. The Navier-Stokes computations are carried out to study laminar free convection
from the heater. Parallel numerical experiments are performed by using a simplified design analysis model which
solve the conduction equation with the boundary conditions utilizing several existing correlations for convective heat
transfer coefficient. Comparison leads to the most suitable boundary condition for the thermal model to evaluate the
performance evaluation of a transparent thin-film heater.

Key Words : BF2F3]E](Thin-film heater), &34 2.2 (Thermal Analysis Model), At (Free Convection), tlF+2 LA IS

(Convective Heat Transfer Coefficient)

LM B 2 28 F2Y(Joule Heating)o] 4TS HoZH SWNT
dhte] ERwtd 2 75 £ oleS FHaAT iy
A% ZEH 9l waheRue] 3 BAle o ag  HIHE AAS HaEwel F871E AVIRA ALga 9l
Aol 7k Yua] dA el JAH ANA B, g g 2 FF AeA AAAL SHRE bR 413% &8
Ao 71018k} o] AW ot BalhEH A4S ojgs AT TEeh FENHIHY] AR F2 AgH e
Q= S8 g} Jjure] 3| o]Fo]xal g=w ww  ITO(ndium Tin Oxide) Wreto]glont of A= 2 jdA]
B AU 5= 35- H(Single-Walled Carbon Nanotubes, ©]3} SWNT)Z I =3 wkeEE BReha vl Al 5o e A
seto @ whgo] A2 $gks ete] ArEm gy 3 A clol WISk SWNT MRS 54 S S Feehs
© WA 3KSheet Resistance)Tt 7FA|deiol Ae] Batd =34 Ershd dde dAHoE AT 9 yaEAdE 71AH
S 7h%) SWNT uhehe Sy muto Abgspig () @ BOIA SIS 7l slok SWNT sie] TOR S
Bo AAEAFE /P SWNT Beke dange] ke WAR T S FE@ dickes sk glejnt
sk QAW B4R BgsRc ] YESR SWNT =it o 83 FRUmEIET oAl AF 716
[4-8]. 7Fs7gdel gld MR HEAL] AlFeltt MdH e
2 SWNT "hate] A7)4 A7 BEdA 183 94 ddstetr] fJsiMe FrEutdslE e A5 g oot
HAS BT o843 RS S8 Aol AAEATE olo 7|ukst A dA7} dasit) oln] o]t o] Usk
Yoo S{O1E el 71%o] SWNT muhe 1glan ofyje] 7] OF M ded AmAAS e e 8 el

= ub o} [10-11]. o] Aol A FlEOA T2 d&
1384, gt 7] s 28 3lE9 Zolg 7|20 A o)e o YelRayleigh)o] &
3 )3 7] <%=
2 Fo B A EA T4 SR RANE A9 AROF QAT ARAS olgal]
* Corresponding author, E-mail: hskwak@kumoh.ac.kr



N 5 EEY

@ 316 =
EEEY |
L
(@) Electrode ! i ’J;
SWNT Film
.

LNy
z Glass Substrate I D
X
* b
(b) 'R
— d [+
s L
¥ Y
l. w .
\ |
L = X

Fig. 1 Configuration of a SWNT transparent film heater. (a) Top
view; and (b) front view.
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Fig. 2 Schematic diagram showing the domain for computational
fluid dynamic simulation
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Table 1 The simplified analysis models used in this stduy

Model | Correlation Thermal condition at walls
SM1 21 (8) Constant wall temperature
SM2 21 (9) Constant heat flux
SM3 21 (11) Constant wall temperature
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Fig. 4 Maximum temperature difference on the SWNT film
surface vs. heat generation rate per unit area
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