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A Study of the Heat Conduction Phenomena with a Phase Lag of Heat Flux

Chang-Fu Jin* - Kyung-Kun Kime* - Han-Shik Chung** - Hyo-Min Jeong** - Du-Yeol Choi*** + Soon-Ho Choit

Abstract : In most engineering applications related with the heat conduction phenomena,
a conventional Fourier heat conduction equation has been successfully applied and it
has supplied quite reasonable results. However, it is well known that the Fourier heat
conduction equation is failed in the application to the extremely small space and short
time. in other words, a nano-scale system and a pico-second time. In this study,
non-Fourier effect was evaluated in the heat conduction by considering the concept of a
phase lag model. The results show the existence of a heat wave, which means that the
heat is transferred with a finite speed while an infinite speed of heat transfer is
assumed in the conventional Fourier heat conduction. In addition, the copper and the
gold are tested to evaluate the phase lag time between the heat flux and the
temperature gradient. The results show that the gold has the heat wave speed faster
than that of the copper consistent with the prediction based on an actual experiment.

Key words : Fourier hat conduction(F#le] €3%) Phase lag(’4A9), Heat wave(ds}),
Heat transfer velocity(8494%). Non-fourier heat conduction(¥]¥2je] &4
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: Thermal conductivity, W/m - K
> Length, m
: Heat flux, J/m® - sec

Subscripts

¢ * Sound speed. m/sec

¢z ' Second sound speed, m/sec * Distance or position. m
cp ° Specific heat at constant pressure, : Temperature, K
J/kg - K

J ' Bessel function

. Time, sec
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: Thermal diffusity, m?/sec

: Non-dimensional time

* Non-dimensional length

: Non-dimensional temperature
. Density. kg/m?®
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: Time lag, sec

Subscipts

ini : Initial

h : Boundary

=

[

1. M

Ao A ) REe F&= Hg o s
Agst &S AFsls Aoz g8 Al
qlr,t) = kan(T’t) (D
or
21(1)9) AEWAAL otz o] 2](2)9] oyA|

o
exde Yrz gdHE
H4o] Qlejzint,

A

Ay

3

g4 s
4(3)9) Felol &

OF

_ oglr,t)

aﬂr,t)

+glr,t)= e, pm

1 87(r,t)
+olrt) = a 8t

or

827'('r,t)
2

A7) AEA g= Al TAIZ
ol wdgeln, a=k/p - ce
(Thermal Diffusity)oith, 21(3)¢
A WEelx dAEE S5 7TE A
ZHH oz FAd d4gtE

A go] Figy %
g
th(Infinity)9 AoEZE 7t
& EgFos udAddolx gt HHy
(Non-equilibrium Steady
NESS)9 dAxe A9 @dxsdg v

oft

O —{E
lo e
L

iy

X

2

[e=]
=2
d

ROk
)

°

o @
i

%

State,

48

A

3}

E=4

AL o o

k<]

& 7

oA Fas 235 AFsErt

A HZ NEMS/MEMSS 22 =
71¢) 2834 6E ol% 717 3
glol A 7k

i
T

e

2 b
— o 2
e

o
o,

e,
o
e
oo Jr 2 rfr

(%
%,
N
o
o

o
i

2>,
N
N
o

ol
2

e o =y
rle 2

dm Rl

ol o ox M T o 2

s o

j=
==

O do o T R

T

> lo X @ T o nft N a
o
o
e
L
1
oot
£

e M
41 op
2

(Heat Flux)2l % Phase Lag)e]l &
FHZHELS A7) s 71EY FH
WA A v EE e dAESE AT vE Y-
e (Non-equilibrium and Non-steady
State, NENSS)¢] Z Ao &&-3te] A7kt oiE
W el wE iy sAsE peigen,
F71A wbgel ofgk 4 vl sked HlFE]of &

froflr b

o o e Ao 5

g 2 g

=
o,
o,
oz

Am@ge] B4 FHsA
2. Cattaneo-Vernotted & & 4+ Al

o] S=Fulvt HXNE ARG 7AIZE o] F4
Al sl Rol AAiEE A = dgs
(Heat Flux)< 2=78(Temperature Gradient)
Bop 7AI7F A=Y B, A7 & €55

ol BAAE BASE BRAeI

=

8T(r,t —7)

glr,t) =—k po (4)

Fg=ulRA AR oG ahs] 2] A32E AlsE, 2003 7/ 685



qlrit+7)= kajg:’t) (5)

21(5)2] FHEE A7k o diaf HLH F+A
AE A8z 2348 olae FASD, 22 rol
dal BolEe FasE (7] FE

glrt+7)=qlrt)+ qg’t)7+0(72) k(’)]’;:,t)

aq(r,t) ad(r,t)
glrt) + = r=—k—— (6)
8 ag(r,t)  oaglr,t) 3 a1(r,t)

T T The T =0 (7)

a3 A9 AUARE AN g
FA R,

_ 6q(r,t) _ Bﬂr,t)

o P9 o

oldl 2(8)& /(7)o st Ae)shd,

6222’t)+%8ﬂ;’t)=c§ azz};,t) (9)
T:% (10)
6= ;%25% (1D

QA = A2eHe

EEolW ¢ A FolAe

e A102E 78 £ Ad9 H(9E A+
%9 HADe] EAY W FIF AAEEE 7R
T gnddds BAR

@
Cattaneo —Vernotte(CV)E#5d L= A
gAgur A olgty Ba2oH?

3. AILtAl & sl A sl

Aol Meak A e Ak SRANAE 7
Aegor, GAYRFL AP P wue
Fig. 13 Fig. 201 22 23} 7] 2AH 3%
o t=09 Z7)1EelA wide) yiel AAwe
TE RE 7, (5K)E 4890, 1509 A

F}°

686 / IF=mtd A=Yl ea ] ARNA A5Z, 2008 7

. 7&733 - A4 -

Insulator

I L ;

Fig. 1 Schematic diagram of initial coition of the
system.

y Insulator
; |

! L !

Fig. 2 Schematic diagram of boundary condition of
the system.

ZHRE g =02 AABY 2
MAL z=L3 BARY 2%
A&t webA > 090 A7
E3(Temperature Field)< CV
Eg v 22, Az

EREEREEE
ACELEES

=R EERY

(12)

2(12) M Ulz,t) & &3 2t

AT, —T )
U(x,t)=—%><

[l
¢ sSin

Ngl 2N—12N_
2\ Ak WL

xe L

1 . 2N
+ﬁ . sm{( 7 )wx}

—(%7{)2' ol t

(13)
2N—1

Xe



2(13)AN oi=a, NE1,2,3---0]T}
21(12), (13) FeEwaes
vt 28R E ZASHE 48] ol

v g o] dHaEg 292 s
& 73] HAsAE
A, AZHE Zog a0t

Olat) = —tl_Lini 14)
(I f) ];:—Yim (

T
5= T (15)
= (16)
4718 AN T Afd AADAZI, A

@ 4(14), (15). (16)% (9] st o
S5 o) FAASD AupLEAL A=

do m{}
J

8’0 4o 00  a'e

{)ﬁZ —(9;/;_ 352 =0 (17)

42& Fig. 13 Fig. 29 AXA H&std
27\ 20% AAZAE & 24 do

PENECY v

A(8,0) =0, A{(8,0) =0 (18)
00,8 =68 =1 (19)
O(—>w0,8) = (20)

AAZAL veldE A7 (19 2(20) 90
A 9(p)E d9AEE4(Unit Step Function)

oy, 21(17)9] Laplace®dre Hasty sjs 7
aw
(sp>—?;<~/?+7~fs (21)

A2DNAM 6% #(8)9 Laplacem@oz tt
<3 7}

5(6729):/,006"”' 2. e5.8)ds (22)
{

easl=¢" +o/ LA 7

e C-V €3Rd I
e dAY 2xgE vetde s :
& 12k¢] A|1%E Bessel JT.‘?:H thE 3} ol F
o}zltt,

0 (* 1)!11]:2111

A :ﬁ?fn 27 m ) (m+ 1) 24

4, ApE B HE
Fig 3~‘-’- 21(12) 9 4138 73 Feo ¥
CL}E{L“ tf]?ﬂ/l}/ﬂ-(—;}] .Q.ixl,] *Q_S:'E‘
FAG A0EA IPM B ne go] F
FATE Aol A& wol Baye) $E2 A
o) gurgre) Wpzhel AA §
8}7) wfs}n}. Az¥el Rapgel we
Ao Yeaiun AT o8
ot

Temperature (K)
8

=]

Py
o

o
o
o
N

04 06 08 10

Dimensionless Location (x/1.)

Fig. 3 Temperature change in a material calculated
by the Fourier heat conduction.
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Fig. 4 Temperature change in a material and the depth
of heat penetration by non-Fourier heat condnction
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