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Heat Conduction through a Periodically Varying Thermal-
Resistance Thin Layer Between Two Conductors

Mutsuo KOBAYASHI, Koji MATSUBARA,
Hiroshi MAEKAWA and Toyoyuki OGAWA

This paper analytically treats of the heat-flow through the periodically varying thermal-resis-
tance thin layer lain between conductors er the heat-flow between two periodically contacting
conductors. During one cycle of the period, p, thermal-conductance of the thin layer temporally
changes in a stepwise profile, and takes two different values, R. and R4 over the time spans, ¢p and
(1—@)p, respectively. Analytical solution for the effective thermal-conductance, Re, of the thin layer
was algebraically approximated using R., R4, ¢ and the harmonic mean, Ras, of the characteristic
thermal-conductances of the two conductors. Algebraical approximation was also made for the
maximum temperature amplitude, 40sax, arising at the joint ends of conductors. This approximation
suggests the following features of A0ax. dBiax takes the maximum value, (J6%x)max, at specified
value of @, Pmax. @max depends only single parameter R./Ra, and becomes large with increase of this
parameter. On the other hand, (48#ax)max depends not only Rc/R4 but also Ra.
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Fig.2 Thermal conductance of resistance layer

THD, 12120, n 3B, Tw & TowldEEHEA LE
% B OESE R EO, B £ < BT 5 BENICEE
TERRMBETH 5.

AT, BELEREBELUATO LS U THIERN
KD B, M2IRLE &S KERET 28005
78RR, 7V ERNT

R(t)=[R:~(R:—Ra)¢]

_R—Ra & [sin 2morn 2mn
oAl om T

1—cos 2meon
sin
m p

ERTIENTED, 517, BREM(2-a), (2-d)
il TR O— R BE L, RAOAEHEE 6 &
FKHAEE (Ar, Gn, B, bn: n=1-00) ZH\T

x<0:

ba= —fa—x +—‘];1§’5-§1[An exp \/%;;;x
Xcos( 27;)” \/7 >+an exp @x
xsin( 225 4 /; )] (o)

x=0:
Op= —Aibx— G+ q/ib ’gl[Bn exp(—@x)
Xcos( 27;” z‘v\/}—?x>+ bn exp( @x)
RNy 2| E— b

+

ERTIEDNTES, Z2T, 6 BEV & BRAT
ERINDIBURETHS.
Sa=+Kaf@ ++eereerrrerriiini (5+a)
So = spf@ orererererereraereretiiiiiiaaeneninins (5b)
HEABOREHaY SIS A%
Ra=v2a0aCa@ +++reremvreeeivmmmmeceennnnnen. (6+2)
Ro=v2005Com ++++errerreemsesanmnnerannnen (6+h)

— 276 —

NACSI| S-El ectronic Library

Service



The Japan Society of Mechanical Engineers

RS RETE 2 R BRHE O MRS

3803

LEEL T, Ry Ro 2715 OIS Rew THEX
S LeBa vy 7 & >R R RY ¥ ERITTHEE o=
27t/ #BAT B &, EREHFHX(2D), Q)b

Ap=—B, rrererereerreeei, (7+a)
An=—byp w+ereeermremseneiniii (7+b)
BIU

[R(H‘ i}l Cn cos mr+ i}le sin mr]
X I:Bo_ San cos nr-—rgbn sin nr]
n .

—Bn(COS nr—sin nr)

—ﬁ

%1”%%. Vadrd l/, zzT

ROZRS‘—(R:—R:kD ........................ (9+2a)

Rf:—lﬂ(Rék—Ré‘) ........................... (9+b)

sz—Sin ZJzMD” Ry eeeereereenessesssniiines (10+2)

Dp= 1—cos 2m_¢7TRf ........................ (10+b)
m

Bo= R‘}zb Go= lle?@eb_ .............................. (11)

TH3, RADALBREEN2 R 13, BEESIT
DEHBREEZ O 2 EEHRME ¢ TRLIZB DL
o, BIEHIBORMYRENR D V77 5 v XA B
T3, AR(8)BPEEORACOWTHKILT 2720 Cid

Ry Bo (12'3)

m>1: cm-Bo—(RoJr\/%)-Bm—\/Ez-bm

(Cn+m + Cﬂ—m + Cm—n)' Bn

12 12 _
RO By P b=l

HMS

1
24

_1
24

HME

(Dn+m+Dn—m _Dm—n)’ bn=0

Dm~Bo+1/%-Bm—(Ro+1/ﬂ2)-bm

(Dn+m

st

Dn—m+Dm—n)’Bn

w|»—t w]»—a
||M8

(Cn+m Cn—m - Cm—n)' bn:O

BRI LT NER R, 22T, R02) 2RKAE
. Bo, (B, bn: n=1-00) 2§ 5B — R HFER &
E2C, nx2 1551024 £ TOFRETIT Yo7

L& ORfERERD I,
R¥, R;":O—*IO“ .............................. (13-a)
(0:0.01_,0.99 ................................. (13‘b)

DERMFTH U CEHERT o 728, FRETH 5417
7O DEER, BREHF LB LOREPOF
AT, 1%RBEHES NS,

4. 5 E # B

HEERO—FlL LT, Zo0HEESRLMZ RS
=0 ZITLLEE RI=1000 2 HEHHEE o=

05 TR THERIMY LIF 5. kA BHOEX
TAL LB E
6::% ....................................... (14.3)
gp=TRe(Oot60) i, (14+b)

q
1%, SRTTHERE x3=2x/04, x¥=x/8s DS L Tt
MTH20T, HESEDHE DLW TDRES A%,
Mg BAIA D & ORS¢ % A p THEl o 7o R ITTEER
o7 A—2 LT, M3 EM4RT, M3 %
B2 L, MBbh s ARCEATD» & DBRO G IE
20T, HEHDOBENETL, ZDEENIRRII
NERIZEEL TWBRFNR S>3, M4 TR, 8K

VBB > 57 5V AMEEICKRE VDT, L
OBEIFEBERMETIE LA LB LY, -, HE

BHIAE % OFATRITEE T ORE R I3 BEARF DB
BERELIVABMTHLZ b5, M3, 4056, &
EESET LI, ZOBE, BEaiE, SBEE
BD4EETCRESND Z Db D
HERFENEY 0=01 DBELC DOV TORED
Z H5 EH61RET. K5 605, HgRRI»E <
7% LT, BELTMIELEHEN, 0=05DHEWT
RTOTNH/NELRY, ZOHEEOB L ZHEH1%
STWAZeBbh b, PIHERENEL 256

R, =0 R’ =1000

*®
b O
T T

1
—_

Fig.3 Temperature profile of conductor-B in the
insulating period-D (¢=0.5)
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Fig.4 Temperature profile of conductor-B in the
conducting period-C (¢=0.5)
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Fig.5 Temperature profile of conductor-B in the
insulating period-D (¢=0.1)
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Fig.6 Temperature profile of conductor-B in the
conducting period-C (¢=0.1)
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Fig.7 Temperature on the end of conductor
(R¥=0, R¥=1000)
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Fig.8 Temperature on the end of conductor
(R3=0.01, R¥=0.05)
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